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IVAN PARKIN LECTURE

SUNDAY, JULY 16
OPENING SESSION
TORONTO * ONTARIO 6:00 P.M. - 7:30 P.M.

e L 1802 ANATOMY OF A STANDARD
SARAH CAHILL, PH.D.

Food and Agriculture Organization of the United Nations
Rome, Italy

My journey with international standards and Codex standards in particular started almost 25 years
ago, not with the standards themselves but with the science that underpins them. Along that journey,
| became aware of the intricacies that make up a standard.

Standards are part of all of our lives, whether it is the standards we expect the products and services
we use to adhere to, or the standards we set for ourselves. But if we analyze and dissect a standard, if we
peer into its anatomy, what might we find and why is a particular standard the one that is accepted?

For 60 years, an international body known as the Codex Alimentarius Commission has been bringing
countries and organizations together to develop global standards for food safety and quality. Hundreds
of standards, guidelines, and codes of practice, and thousands of quantitative standards like maximum
levels for contaminants and food additives, and maximum residue limits for pesticides and veterinary drugs
in food have been developed. This is an impressive output and one with which a recent survey of Codex
Members suggested a good level of satisfaction. However, these standards are highly variable in content,
structure, and the way in which they would be applied. So, can they all be equally satisfactory? Could we
SUNDAY, JULY16 say that there is a common anatomy for a successful standard?

OPENING SESSION Science and cumulative evidence are the heart of any food safety standard. International scientific

6:00 PM.-7:30PM. committees existed before Codex. When critically assessed and reviewed science is available, standards
can be developed when they are needed, especially in response to food safety crises. The standard for
melamine in food or the code of practice to minimize the risk posed by Cronobacter spp. in powdered
formula are both fine examples from Codex.

But sometimes those setting standards are unable to agree. The complexity of the issue requires deep thinking before the
standard setting discussion can be concluded. Our intimate relationship with food and cultural preferences or practices can influence or
drive decisions on standards and even challenge what the science is telling us. No matter how good the scientific work, the confidence
and trust of those taking the decisions, the people that represent the countries and users of the standards are key. Successful
engagement of these people is the blood, the connective tissue, that brings together the various parts — that is to say the science,
the acceptance of that science, the consideration of cultural preferences, among others. These are the building blocks that determine
whether a standard comes to life or not.

A standard only achieves its goal if used. Keeping the application and required impact to the forefront of standard setting means
those working on the operational front of the food system — the nerve center for food safety — as well as those representing consumers,
have to be part of the discussion.

Standards, or more likely the lack of them, impact most of us without realizing it. Long before | even knew of Codex, | saw the
impact of foodborne disease on family members, and when | worked in quality assurance labs, swabbing surfaces for environmental
monitoring or testing milk for antibiotic residues, | was in reality on the front line implementing standards that had been agreed many
miles away. The same can be said for any food safety practitioner; without their voices and hands a standard either doesn’t exist or
simply gathers dust.

Science, people, and practices are all necessary to bring a food standard into the Codex Alimentarius. Dissecting and analyzing
an array of Codex standards, | will try to shed light on why they are still alive and kicking after 60 years, and what their future might
entail.

IAFP
Sponsored by FOUNDATION
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JOHN H. SILLIKER LECTURE

CLOSING SESSION

RANDY HUFFMAN

Chief Food Safety and Sustainability Officer
Maple Leaf Foods
Mississauga, Ontario, Canada

Dr. Randall Huffman (Randy) is Chief Food Safety and Sustainability Officer at Maple Leaf
Foods. His role encompasses leadership of Food Safety and Quality,
Occupational Health, Safety and Security, Environmental Sustainability and Animal Care.
Randy leads a team that has developed and is executing world class strategies to deliver
on Maple Leaf Foods’ commitments to produce safe, great tasting food produced in a safe
work environment and to become the most sustainable protein company on earth. Maple Leaf
Foods’ commitment to become a global leader in Animal Care and to reduce greenhouse
gas emissions from the company’s operations to levels in line with the Science Based Targets
Initiative has given us clear and very bold targets to achieve.
RANDY HUFFMAN Randy joined Maple Leaf Foods as Chief Food Safety Officer in January 2009 and
during his tenure has had accountability for several functional areas of the business. In 2011
he assumed leadership of Six Sigma and Food Quality. In 2014, he was appointed Senior Vice President,
Operations, in addition to his role leading Food Safety and Quality. In the following 3 years, he led Manufacturing
across 12 prepared meats plants as well as Corporate Engineering, Manufacturing Services, Occupational Health
and Safety, Security and Environment, and the Operations Excellence and Learning teams.

IAFP
Sponsored by FOUNDATION
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Symposium Abstracts

S1  Poultry Sampling Symposium - The Path to Improved Poultry Safety through Salmonella Assessments

WILLIAM SHAW: USDA Food Safety and Inspection Service, Washington, DC, USA
ASHLEY PETERSON: National Chicken Council, Washington, DC, USA
TERRANCE ARTHUR: U.S. Department of Agriculture - ARS, U.S. Meat Animal Research Center, Clay Center, NE, USA

As part of the effort to reduce illness associated with poultry, the USDA and FSIS propose to classify Sa/monella as an adulterant in frozen, raw, breaded
and stuffed chicken products with a quantitative standard of 1 CFU (viable cell) per gram. When these regulations are implemented, it is reasonable to
expect the need for improved sampling techniques and quantitative Sa/monella assays that provide measures of virulence. These needs will extent to other
poultry products. Improved sampling and an improved assays are technically feasible but are still in development and will require validation. The industry
needs procedures to be fast, accurate, easy to use and economical because the number of poultry tests is expected to increase greatly.

Moving forward, this increased level of testing must not be viewed as a mitigation. It is an assessment tool that will guide constant improvement efforts
to reduce the levels of Salmonella and other pathogens in poultry. It will be important to share learnings for this industry to meet the new proposed
standard. USDA will play a critical role in this sharing.

Present sampling methods for many poultry products are under review. Aggregated sampling techniques similar to those used in beef are under
study. Validation results will be shared. These techniques will reduce labor and provide non-destructive sampling. The goal being to provide a more
comprehensive and efficacious approach than the current methods.

The virulence of Salmonella is variable. The USDA proposal requires specifically identifying some of the more prevalent Sa/monella strains in a sample.
There are many approaches that can be considered. Their strengths and weaknesses will be considered with recommendations for achieving a suitable
method.

Existing culture-based tests do not meet the proposed requirements because quantitation information is lost during the enrichment. MPN approaches
will be slow and costly. Concentration of the signal is where solutions will be found. Several concentration approaches will be reported.

S§2  Parasites and Virus of Fecal Origin in the Environment: New Perspectives for Detection and
Surveillance

LIA STANCIU: Purdue University, West Lafayette, IN, USA
KALMIA KNIEL: University of Delaware Department of Animal and Food Sciences, Newark, DE, USA
RACHEL CHALMERS: Public Health Wales, Microbiology and Health Protection, Singleton Hospital, Swansea, United Kingdom, United Kingdom
Foodborne and waterborne parasites and viruses are recognized as primary etiological agents of disease and represent a serious threat to human
health worldwide. Parasites and viruses such as norovirus, hepatitis A virus, Crytosporidium spp., or Cyclospora cayetanensis have been consistently found
on fresh fruits and vegetables. The fact that these organisms have low infectious doses, are ubiquitous and highly resistant to the sanitation procedures
commonly used in the food chain contribute to them being of health risk to consumers. These pathogens of mainly human fecal origin can be introduced
to fresh produce either during pre- or postharvest activities. Various sources and routes of contamination can exist during any stage from farm to table
and include harvest, transport, storage, sale, and distribution of fresh fruits and vegetables. Irrigation water, type of fertilizer, and presence of animals,
and direct contamination from farm workers are the main pre-harvest sources of contamination. Abundance, diversity and proper identification of these
pathogens in the environment is therefore crucial to be able to develop control strategies. In view of a changing ecosystem through climate change,
management practices are continuously changing to adapt to the dynamics of this microbial community that are also constantly evolving. In line with
the One Health concept, we need to examine all possible sources and routes of contamination and make sure we have the proper tools to quickly and
accurately, detect viruses and parasites. This symposium will bring together experts from the field to address the need to (1) do surveillance studies across
all diverse environmental sites, (2) evaluate and interpret surveillance information, and (3) identify analytical challenges and new approaches discovered
along the way. Regulators and public health practitioners are starting to be aware of the existing and emerging risks of these pathogens to be prepared
and respond accordingly.

S3  Beef Quality and Food Safety in the Canadian Beef Industry

REYNOLD BERGEN: Beef Cattle Research Council, Calgary, AB, Canada, Canada
CASSIDY KLIMA: Beef Cattle Research Council, Calgary, AB, Canada, Canada
NICK HARDCASTLE: Cargill, Inc., Witchita, KS, USA

Beef quality and food safety are pillars for sustainable beef production in Canada. Beef quality has been a key research priority in past decades, with
the Canadian National Beef Quality Audit used to evaluate the quality, consistency, and competitiveness of Canadian beef by tracking performance and
assigning economic values to quality defects or non-conformities. The information obtained by audits provide both a benchmark and target for quality
levels, identifies areas for correction, and informs better management practices. Past audits have also evaluated the eating quality of Canadian beef based
on metrics of importance to consumers (e.g., flavour, juiciness and tenderness). Similarly, research-driven improvements in food safety supports consumer
confidence, advances technologies that keep Canada at the forefront for safe food production globally and ensures continued access to export markets.

In Canada, beef quality and food safety research are supported by cattle producers through Canadian Beef National Check-Off funds directed to the
Beef Cattle Research Council (BCRC). The BCRC is Canada’s national industry-led funding agency for beef, cattle, and forage research, and is guided by the
Canadian Beef Research and Technology Transfer Strategy. Ongoing evolution in the sophistication of both industry production and marketing practices as
well as the tools and technologies available to researchers necessitate the periodic re-evaluation of how beef quality and food safety research programs
can be best aligned with current and expected future industry needs. The objective of this symposium is to discuss the status of beef quality and food
safety research in Canada today and to identify where needs in these areas are arising and what challenges exists in advancing research moving forward.
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S4  Novel Approaches to Monitoring Agricultural Surface Water Quality

REBECCA L. BELL: U.S. Food and Drug Administration, Center for Food Safety & Applied Nutrition, College Park, MD, USA
ZEYNAL TOPALCENGIZ: University of Arkansas, Fayetteville, AR, USA
MANAN SHARMA: USDA ARS Environmental Microbial and Food Safety Laboratory, Beltsville, MD, USA

Agricultural water is defined by the Produce Safety Rule as water used during the growing, harvesting, packing, or holding of covered produce.
Untreated surface water (water that does not receive a disinfection treatment) sources constitute a high microbial risk to contaminating produce as they
are often susceptible to fecal contamination through agricultural runoff or external sources. Prior studies also indicate that even ground water sources
can be susceptible to fecal contamination from nearby livestock operations. Consequently, agricultural water for pre-harvest activities (irrigation, crop
sprays, fertigation, etc.) can be a major pathway for the transfer of water-associated foodborne pathogens to fresh fruits, and vegetables. In recent
years, the development of novel, multidisciplinary approaches have facilitated our understanding of the complexities of water source contamination in
the pre-harvest environment, and its implications in the production of fresh produce. The purpose of this symposium is to provide the audience with
recent advances in such approaches to measuring agricultural water quality through the lens of a pre-harvest food safety perspective. The sessions will
be beneficial to academic, government, and industry professionals as well as extension agents and growers interested in its practical applications. The
symposium will not only discuss new methods for collecting water quality data, but also providing contextual analysis through a variety of approaches to
data gleaned from irrigation water environments.

S5 Latest Developments in International Organizations Making Food Safety Improvements and
Successes Measurable

CAROLINE SMITH DEWAAL: Global Alliance for Improved Nutrition (GAIN), Washington, DC, USA
JEFFREY LEJEUNE: FAO, Rome, Italy, Italy
SIMONE RASZL: World Health Organization, Geneva, Switzerland, Switzerland

Food safety and quality are increasingly at the hearts and minds of society and regulators around the globe and improvements typically focus on
capability and capacity building of nations and key stakeholders such as governments, consumers, industry and academia. Many governance models have
been developed and implemented, but an overarching challenge is how to confidently measure real progress and improvement in food safety and quality
or nutrition for consumers.

Symposia

Food safety indicators are important to compare the effectiveness of food safety improvements across the globe, to help guide national governments
with limited resources. In the complex context of food security and sustainability, several governmental, intergovernmental and non-governmental
organizations have developed frameworks that include food safety indicators for quantitatively or qualitatively assessing the outcomes of interventions. In
addition to measures of health impacts, food safety indicators should be feasible, cost-effective and easily measurable.

Such frameworks and metrics are typically designed and selected with respect to the scope and responsibility of individual international organizations,
but they may contain common principles and indices that are important to identify and that help harmonize approaches to measuring food safety
advancements at a more international or multi-sectorial level.

This short symposium will provide the audience with examples of the frameworks and food safety indicators developed or being developed by three
different international organizations and an opportunity to discuss ambitions and learnings with the presenters.

The session is designed for food safety professionals interested in learning about the approaches and metrics that are being used or considered to
monitor the outcome of food safety strategies and interventions at the national level. For example, categories of indicators include health impacts; core
competencies for national regulators; and those used by consumer organizations and the food industry.

S6  Not Your Grandfather’s Biofilm - What are Dry Surface Biofilms, and Why are They More Deceptive
Than Their Good OI’' Slimy Counterparts?

JEAN-YVES MAILLARD: School of Pharmacy and Pharmaceutical Sciences, Cardiff University, Cardiff, United Kingdom, United Kingdom
MICHELE SAYLES: Diamond Pet Food, Topeka, KS, USA
BABAK GIVEHCHI: CPReg Consultants, North York, ON, Canada, Canada

Everyone’s heard of a biofilm. These microbial communities are slimy, wet, and may contain pathogenic bacteria that contaminate food and drive
foodborne iliness. A misconception in the understanding of biofilms is these need high levels of moisture and enough nutrients to form and survive.
Research has demonstrated this is not the case. These “dry surface biofilms” are not visible to the human eye, cannot be detected with either dry or wet
swabbing techniques, are more resistant to the action of disinfectants than their wet counterparts, and yet their bacterial constituents, when disturbed,
are still transferrable via direct or indirect contact with hands or cleaning tools. As a result, dry surface biofilms could play a surreptitious yet nontrivial role
in infection transmission and food spoilage. In light of this, during this symposium, experts from academia, regulatory entities and industry will provide
insights on the risks of, and mitigation strategies for dealing with dry surface biofilms that contain species such as Salmonella enterica, Escherichia coli or
Listeria monocytogenes in food settings. First, we'll discuss the main biological and prevalence differences between dry and wet biofilms on environmental
surfaces, and why the former should be more concerning from a foodborne illness risk mitigation perspective. Secondly, in addition to registered product
labels, we'll unpack regulatory guidance involving biofilms that provide with direction to manage these microbial communities in food settings. Finally,
we'll describe prevention and remediation strategies for biofilms on surfaces in low moisture environments, including their level of success and lessons
learned. Attendees of this symposium will gain a new level of awareness of dry surface biofilms, their impact to food safety, and mitigation strategies that
can be applied within their own facilities.

S7 Forever Chemicals: The Past, Present and Future of PFAS in Food

CHERYL MURPHY: MSU Center for PFAS Research, East Lansing, Mi, USA
LUC PELLETIER: Health Canada (Bureau of Chemical Safety), Ottawa, ON, Canada, Canada
RYAN MATSUDA: United States Department of Agriculture, Food Safety and Inspection Service, Albany, CA, USA

Per- and poly- fluoroalkyl substances (PFAS) are a group of man-made chemicals or manufactured chemicals (i.e., non-naturally occurring chemicals)
that are resistant to degradation and pose a potential threat to human health due to their bioaccumulation and persistence in the environment. Due
to their amphiphilic properties, PFAS were, and still are, widely used in industrial applications and various consumer products, such as food packaging,
household cleaning products, fire retardants, and wastewater treatment. As a result, water used for feed crops or live animals may be contaminated from
industrial and waste-stream sources resulting in PFAS entering the food supply via contaminated meat, poultry, and fish products. Toxicological studies
have shown that PFAS exposure at high levels can detrimentally affect the endocrine, cardiovascular, and immune systems, with studies also indicating
that high levels of exposure can lead to newborn infant health problems. Therefore, many countries have begun to phase out the use of PFAS.

IAFP Annual Meeting Abstracts 5
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Due to health and environmental concerns, PFAS has gained worldwide attention from the scientific and regulatory communities. Many government
agencies, academic institutions, and industry partners either have taken on surveillance initiatives involving PFAS contamination in food, identified
toxicological effects of PFAS exposure from food, or explored the fate and impact of PFAS in the environment with relation to food.

This symposium session presents the surveillance work conducted by different government agencies, demonstrates the analytical capabilities of
industry partners, and showcases the research initiatives and goals by different academic institutions to determine the future for monitoring the forever
chemical, PFAS, in the food supply.

S8 Mexican Papaya Safety: A Case Study in Collaboration, Education and Root Cause Analysis

DANTE GALEAZZI: TIPA, Mission, TX, USA
HECTOR DEL RAZO VARGAS: Proexport Payapa, Colima, CL, Mexico, Mexico
SERGIO NIETO-MONTENEGRO: Food Safety CTS, El Paso, TX, USA
TREVOR GILBERT: FDA, College Park, MD, USA

Papayas from Mexico were repeatedly associated with outbreaks of Salmonella (8 between 2011 and 2019), and FDA testing at the border revealed
a high violation rate (15.3% of 3 months’ samples in 2011). This prompted a diverse group of stakeholders: Mexican papaya growers, U.S. importers,
and an international collection of regulators, academics, researchers and associations on both sides of the border, to work together on a multi-year,
multi-pronged effort to improve the food safety practices of papayas from Mexico. This symposium will explain how stakeholders were identified and
engaged to develop science-based best practices, guidance documents, verification protocols, and how these best practices were then communicated and
implemented within the industry, spanning the Mexican growers through U.S. importers, all the way to retailers. The educational strategies and associated
verification efforts will be described, along with a novel industry-driven process for completing a root cause analysis. The support from regulators from
Mexico and the U.S. aided this process. This effort can serve as model for collaboration that yields long term benefits to the industry and consumers.

S9 Internal Audits: Are They Underestimated as a Critical Management Tool?

NIC SHARMAN: Nic Sharman Consultancy, Didcot, United Kingdom, United Kingdom

JESSICA BURKE: BRCGS, Milton, ON, Canada, Canada

ELLEN EVANS: ZERO2FIVE Food Industry Centre, Cardiff Metropolitan University, Cardiff, United Kingdom, United Kingdom

HELEN TAYLOR: ZERO2FIVE Food Industry Centre, Cardiff Metropolitan University, Cardiff, Wales, United Kingdom, United Kingdom
ELIZABETH SANTOS: Maple Leaf Foods, Mississauga, ON, Canada, Canada

Internal audits are a powerful food safety tool when effectively implemented throughout the global food supply chain. The aim of this symposium
is to discuss the purpose and function of internal audits from four perspectives: what the requirements are from Global Food Safety Standards; the
fundamental aspects of internal audits; perceptions of auditors and auditees, and an industry case study.

The symposium will begin with an introduction on what the GFSI requirements are and how they translate into the BRCGS standard for internal audits.
A representative from BRCGS will share repeat non-conformances. Leading on from this we will explain the detail and approach required to create a
robust and effective internal audit system.

The second speaker will share qualitative findings from research undertaken with qualified auditors and technical leaders which explore the
opportunities, motivations, and capabilities of SME food manufacturers to benefit from internal audits.

The final speaker will provide a valuable case study demonstrating best practice in relation to internal audits and the links to organisational culture.
The session will discuss how Internal Audit is a foundational element of the company’s foods safety journey, its origins and approach, and how coaching is
used to drive people development and change.

This symposium will give attendees beneficial insight on how to support manufacturing businesses to ensure internal audits are beneficial for
organisational management and as a reference point to key indicators of product safety and quality.

Cumulatively this symposium will consider how the dimensions and critical components of food safety culture relate to successful and effective internal
audits in food manufacturing businesses to ensure standards are improved and there is a mindset for continuous improvement.

S10 Foodborne Listeriosis in Canada: Are We There Yet? Insights into Progress and Lessons Learned Since
Our Infamous Deli-Meat Outbreak

BRENT AVERY: Public Health Agency of Canada, Guelph, ON, Canada, Canada
MARIE BRETON: Health Canada, Ottawa, ON, Canada, Canada

MICHAEL G. GAENZLE: University of Alberta, Edmonton, AB, Canada, Canada
CHANDRE VAN DE MERWE: University of Alberta, Edmonton, AB, Canada, Canada
LYNN MCMULLEN: University of Alberta, Edmonton, AB, Canada, Canada

SPIR MARINAKIS: Maple Leaf Foods, Mississauga, ON, Canada, Canada

RANDY HUFFMAN: Maple Leaf Foods, Mississauga, ON, Canada, Canada

Listeria monocytogenes is an important foodborne pathogen in Canada, as well as globally. This bacterium can grow at temperatures as low as 0°C and
is one of the most virulent foodborne pathogens in that 20-30% of foodborne listeriosis infections in high-risk individuals are fatal. As a result, listeriosis
ranks third in the total number of deaths among foodborne bacterial pathogens with case-fatality rates that exceed Salmonella. L. monocytogenes have
been isolated from numerous mammalian species, birds, and in some species of shellfish and fish along with soil, silage and other agro-ecosystem
environments. This bacterium is associated with different food products, such as pasteurized or raw milk, soft-ripened cheeses, ice cream, novel
plant-based products, fresh produce, fermented sausages, raw or cooked poultry, smoked fish, hard-boiled eggs, etc. and is capable of surviving under
unfavorable effects of drying and freezing. The 2008 Canadian listeriosis outbreak was a deadly outbreak of listeriosis which was linked to contaminated
deli meats. This outbreak spurred much interest in research in Canada, as well as lead to a number of changes in the way the organism is controlled and
regulated. This 3-hr symposium includes speakers working in academia, government, and food industry in Canada, who will take a look back to summarize
the research, surveillance and policy activities related to Listeria in Canada in the past two decades, as well as look ahead to the future. The topics will
include detection, surveillance, control as well as policy and regulatory interventions. The outcomes of this symposium will hopefully spur novel cutting-
edge research on this pathogen in Canada and beyond, and help to develop systemic strategies to control this important foodborne pathogen in the food

supply.
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S11 Genomics in Food Safety: How to Use the Tools to Prevent Outbreaks

JESSIE HEIDENREICH: Hilmar Cheese Company, Hilmar, CA, USA
YAN LUO: U.S. Food and Drug Administration - Center for Food Safety and Applied Nutrition, College Park, MD, USA
MARTIN WIEDMANN: Cornell University, Ithaca, NY, USA

The IAFNS Food Microbiology Committee is committed to proactively improving the understanding and control of microbial food safety hazards
to enable scientifically informed decision making. This symposium will highlight recent advancements in genomic tools used in both the public and
private sector to identify and prevent foodborne outbreaks. Topics include outbreak detection and prevention, implementation of sampling, genomic
fingerprinting, and genetic analysis within the food processing environment to improve food safety and public health.

S12 Molding the Future: Best Practices and New Horizons in Modeling and Quantification of Molds

PANAGIOTIS SKANDAMIS: Agricultural University of Athens, Athens, Greece, Greece
EMILIA RICO: BCN Labs, Rockford, TN, USA
FRANK SEGERS: Corbion, Gorinchem, Netherlands, Netherlands

Mold spoilage causes substantial food waste worldwide. Additionally, molds can cause health effects if food is ingested when mycotoxins, produced
by molds, are present. Quantification of mold proliferation and growth in foods is critical to formulate food products with extended shelf life. Molds
usually contaminate food via spores that grow with hyphae in three dimensional structures. This makes quantification and predictive modelling of mold
spoilage difficult, and therefore, techniques designed to predict and quantify bacterial growth, for example, are less suitable for molds. In this symposium,
the application of a common microbiological modeling technique—the gamma concept, wherein intrinsic and extrinsic factors that impact growth are
considered independent but can be multiplied together to determine a final growth rate—will be discussed in relation to mold prediction, including its
limitations and potential opportunities. Examples from real-world data and corresponding modeling validation outcomes will be shared. The various
approaches to challenge testing mold control and mycological enumeration will be presented, and the benefits of future standardization of both challenge
studies and enumeration will be discussed, with potential ways forward highlighted. Finally, an industry perspective on mold control will be given. First,
modeling shelf life of bread formulated with mold inhibitors will be explored. Second, the design of mold challenge tests and their shortcomings will be
explained. Third, new ways of mold spoilage quantification (e.g., medium- or high-throughput image analysis and in situ thermal activity monitoring) will be
assessed.

Symposia

S13 Achilles’ Heel: The Local and Global Ramifications of Food Safety Challenges in Low-and Middle-
Income Countries

ISSMAT KASSEM: Center for Food Safety, University of Georgia, Griffin, GA, USA
GUMATAW ABEBE: Department of Business & Social Sciences, Dalhousie University, Truro, NS, Canada, Canada
JORGE PINTOFERREIRA: FAO, Rome, Italy, Italy
Outbreaks of foodborne illnesses adversely impact health care systems as well as national food brands, trade, tourism, and socioeconomic growth,
especially in low- and middle-income countries (LMICs). In these countries, foodborne illnesses perpetuate the cycle of disease, malnutrition, and poverty,
which significantly affect the most vulnerable populations and fledgling industries. Indeed, the World Bank estimated the yearly cost of treating foodborne
illnesses at $15 billion and total productivity loss in LMICs at $95.2 billion. However, the ramifications of foodborne illnesses are not confined within the
borders of LMICs and can spill out to affect other countries. The latter is especially pertinent when considering the globalization of food supply chains and
the need to cope with an increasing human population and consumer demands. Consequently, the safety of food and/or raw material imported from
LMICs can have a wide transboundary impact. Therefore, we argue that there is a global interest and an obvious public health and economic benefit in
controlling foodborne diseases in LMICs. In this symposium, experts will share novel data, case studies, and efforts that shed light on the local, regional,
and global ramifications of food safety in LMICs.
This symposium will strengthen the global scope of IAFP by raising awareness to the following areas:
+ Major food contaminants and challenges in LMICs.
+ The transboundary impact of foodborne diseases affecting LMICs.
+ Gaps in the food safety systems of important foods commodities in LMICs.
+ The essential need for sharing expertise and support robust food safety systems and surveillance programs to monitor and control
foodborne contaminants in LMICs.
Intended Audience:
Food safety professionals, academia, government representatives, industry leaders, and students that are interested in the food safety in LMICs and the
global health and economic ramifications of foodborne diseases.

S14 Food Safety Culture and HACCP - The Unification Necessary for Effective Food Safety Management

ANDREW CLARKE: Loblaw Companies Limited, Etobicoke, ON, Canada, Canada
SHINGAI P. NYARUGWE: University of Central Lancashire, Preston, United Kingdom, United Kingdom
LONE JESPERSEN: Cultivate, Hauterive, Switzerland, Switzerland

There has been an exponential demand for food safety culture plans, GFSI-certified sites scrambling to maintain certification with limited expertise or
knowledge in this subject matter. In addition we also see an emphasis on this important topic area within Codex HACCP and regulatory standards (e.g.,
EU852 and FDA's 4t Pillar). A formal assessment of food safety culture or behaviours is not included within inspections or certification auditing, just the
presence of a food safety culture plan devised by the FSQA group to meet a requirement, not to change culture.

This knowledge gap as to why a food safety culture plan is an essential and intrinsic part of food safety management is overlooked during food safety
audits and inspections or misunderstood. For example, when a food safety culture plan was initially added to the BRCGS audit standard, over 20% of sites
received non-conformances. Severe consequences can also occur, Jensen Farms, Blue Bell and Peanut Corporation of America all maintained inspected
food safety programs, but all experienced product safety recalls due to failures in program application. Solutions are available to food business owners/
leaders, auditors and inspectors to ensure HACCP and food safety programs truly function and do not continue to create a false sense of security.

The symposium will provide data driven insights into the output from a program of food safety audits which include an assessment of food safety
culture. Discussion will identify how this can often provide contradictions but a more insightful and comprehensive understanding of the overall
effectiveness of a food safety plan when behaviours are evaluated in conjunction with programs.
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Additionally, we shall explore the behaviours of the HACCP/Food Safety lead and food safety scribe and determine through published research and real
world examples how these important roles can influence food safety culture and encourage HACCP team members participation in food safety decision
making or potentially discourage engagement when facilitation is ineffective.

S15 Crowdsourced Data for Foodborne lliness Outbreak Investigations: Utility and Challenges

BENJAMIN CHAPMAN: Department of Agricultural and Human Sciences, North Carolina State University, Raleigh, NC, USA
JENNIFER BEAL: U.S. Food and Drug Administration, College Park, MD, USA
LAURA GIERALTOWSKI: CDC, Atlanta, GA, USA
ANNA MANORE: Public Health Agency of Canada, Ottawa, ON, Canada, Canada

Crowdsourced data has been routinely used for a variety of purposes, including marketing, monitoring product quality, innovation and ideation,
emergency response, and trend surveillance. A growing area of interest among food safety professionals and the public at large is how crowdsourced
information can be employed for food safety purposes. Social networking sites (e.g., Twitter, Facebook, Reddit, etc.), sites focused on foodborne illness
reporting (e.g., iwaspoisoned.com), and a variety of other online forums (e.g., Yelp), allow individual consumers to share details of symptoms, illnesses,
and/or experiences with specific food products, companies, or brands and retail or dining locations, all of which are valuable data during an outbreak
investigation. However, because these platforms are open to everyone, posts can vary widely in their format and content. These inconsistencies can make
it difficult to determine the validity and accuracy of the posted information and to interpret these data sources. Furthermore, anonymous posts can make
further investigation with consumers extremely challenging, if not impossible. In addition to reviewing unprompted posts on social networking sites, public
health professionals may also create their own posts to widely disseminate information/early signals for potential outbreaks within their jurisdictions, or
to elicit specific kinds of data from social network site users (e.g., surveys to gather data about a healthy reference population). As the world increasingly
utilizes digital tools to report, monitor, and act on poor food safety practices and clinical symptoms from suspect foodborne illness events, public health
professionals and food safety regulators continue to evaluate these tools to determine their usefulness in outbreak investigations. This session will explore
the landscape of available crowdsourced information and discuss the advantages and disadvantages of using these tools during outbreak investigations
in the United States and Canada, with speakers at the federal and state/province for each country. Foodborne iliness outbreak investigators from both
countries will share their experiences, both good and bad, using crowdsourced information as part of a foodborne illness investigation.

S16 Alternative Protein and Novel Foods... What Could Possibly Go Wrong? Prioritizing Food Safety in
Food Tech 2.0

TODD NAPOLITANO: Synergistics Capital Consulting, Philadelphia, PA, USA
VIJAY KRISHNA: Glanbia Performance Nutrition, Downers Grove, IL, USA
ROBYN EIJLANDER: NIZO Food Research, Ede, Netherlands, Netherlands
YANYAN HUANG: ADM, Longmont, CO, USA

ROBYN EIJLANDER: NIZO Food Research, Ede, Netherlands, Netherlands
AARON PLEITNER: Impossible Foods, San Francisco, CA, USA

Food Tech 2.0 is here and with it revolutionary advances in what, why, and how food is created and consumed. Traditional boundaries are being blurred
everywhere... food and science, food as science, food as supplement, supplement as food, health, wellness, sustainability, transparency. The benefits are
often emphasized, but are the risks as clearly assessed and elaborated? For that matter, to what extent do we even understand the inherent and unique
challenges at the border between Food Tech 2.0 and food safety?

As much as Food Tech 2.0 pushes the limits of innovation in the name of sustainability, it also pushes the limits of traditional food safety. For example,
how do we create mitigation strategies for novel foods we don't yet understand or design and assess food safety protocols if we don't fully comprehend
the risks? How do we build predictive risk models when we are just beginning to understand the nature of the risk itself?

Perhaps, then, this is also the time for Food Safety 2.0, a production environment where safety is the price of entry for alternative and novel products and
ingredients. How can we promote innovation towards a more sustainable future while also ensuring consumer health and safety? Given where we are now
and where we are headed, we will delve into the convoluted world of alternative proteins, novel foods, and synthetic biology concluding with a regulatory
overview and the question, what does the audit of the future look like?

In conjunction with the Alternative Protein and Novel Foods PDG, this three-hour symposium will explore the current landscape of Food Tech 2.0 from
the inside. Individual presenters will address the following issues allowing time for Q&A at program conclusion.

S17 Under the Weather: Influence of Weather Conditions on Produce Safety

MARIA BRANDL: Produce Safety and Microbiology Research Unit, U.S. Department of Agriculture, Agricultural Research Service, Albany, CA,

USA
GOVINDARAJ DEV KUMAR: University of Georgia, Griffin, GA, USA
SHIRLEY MICALLEF: Center for Food Safety and Security Systems, College Park, MD, USA

Enteric pathogens can enter the food chain from environmental matrices such as soil, irrigation water and dust. Studies have shown that foodborne
bacterial pathogens such as Salmonella enterica, Escherichia coli and Listeria monocytogenes can survive in soil and irrigation water for extended durations
until they come in contact with a host. Produce can be contaminated by these pathogens in the pre-harvest environment. Pre-harvest contamination
of produce is often insidious as it results in cross-contamination of uncontaminated batches during post-harvest handling steps such as washing,
comminution and packing.

The contribution of weather conditions in the survival and cross-transfer of foodborne pathogens is understudied. Anecdotal evidences about events
that lead to contamination of produce often allude to weather or climatic phenomena such as drought, heat, humidity and wind gust.

The weather can fluctuate dramatically over a short duration of time and contribute to conditions that might promote food safety hazards. These
include changes to the environment or alterations to bacteria or their hosts. Under inclement weather conditions environmental matrices much as water
and soil can serve as vehicles for foodborne pathogen cross transfer. Rainfall, sunlight, humidity and wind speed can result in cross-contamination of
produce surfaces through splashing, desiccation, condensation, and dust dispersal.

Further, foodborne pathogen populations in environmental matrices can fluctuate depending on the temperature, moisture, and UV radiation.
Research has indicated that exposure of bacteria to desiccation, solar radiation, heat or frost can result in physiological alterations such as the loss of
culturability, filamentation, sporulation and sub-lethal injury. Evaluating environmental conditions that might result in elevated produce contamination
risks is critical for pre-risk management.
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The symposium is being proposed to discuss findings about the roles of weather and climate associated environmental stressors on bacterial
persistence, survival and cross transfer to produce. The evaluation of food safety risks associated with climate and weather change can help fortify pre-
harvest food safety. Understanding the effect of weather on the pathogen, produce and the environment can help in improved risk assessment.

S$18 Human Enteric Viruses, A Risk Analysis Approach for the Soft Fruit Industry

LEE-ANN JAYKUS: Department of Food, Bioprocessing and Nutrition Sciences, North Carolina State University, Raleigh, NC, USA
DONALD W. SCHAFFNER: Rutgers, The State University of New Jersey, New Brunswick, NJ, USA
SANJAY GUMMALLA: American Frozen Food Institute, Bethesda, MD, USA

The potential for soft fruits to serve as vehicles of infection with human enteric viruses is now well accepted. The industry seeks to manage potential
Hepatitis A virus (HAV) and human Norovirus (hNoV) contamination to fresh and frozen products. This group of non-cultivable human pathogens presents
unique challenges including how and where contamination occurs; how contamination might be prevented and/or controlled; the nuances associated
with testing along the supply chain; and interpretation of results from the standpoint of public health risk. This symposium will provide a summary
of virus-berry outbreak trends over the last two decades, key features that contribute to the ability of hNoV and HAV to persist in the environment,
resist inactivation, and ultimately infect humans will be outlined with an eye to capitalizing on this information for prevention and control purposes.
The application of a risk analysis approach for addressing HAV and hNoV in soft fruit will be discussed by speakers walking through all elements, risk
assessment, risk management, and risk communication. Attendees will get a feel for how science-based evidence should be considered for effective policy
development concerning viruses, what strategies risk managers are using to stay nimble in this challenging environment, and the vital role effective risk
communication can play for quick industry uptake.

Symposia

S19 Current Options in Evaluating the Infectivity of Human Noroviruses and Their Potential Application
in Food Safety
JAN VINJE: Centers for Disease Control and Prevention, Atlanta, GA, USA
DAN LI: National University of Singapore, Singapore, Singapore, Singapore
ALVIN LEE: Institute for Food Safety and Health, Bedford Park, IL, USA

Foodborne viruses represent a serious threat to human health, with human noroviruses accounting for the vast major of viral food outbreaks. Most
foodborne viruses in the environment are resistant to environmental conditions, several disinfectants, and many food manufacturing treatments.
Detection and quantification of foodborne viruses is mainly performed by molecular methods however evaluation of virus infectivity is challenging.

In the absence of a robust in vitro cell culture system for human norovirus, inactivation studies have been performed by conducting clinical trial studies.
To overcome ethical issues and generate a large amount of dataset, a lot of research relies on surrogates, such as murine norovirus, feline calicivirus, and
Tulane virus and MS2 phage. Alternatively, approaches based on capsid integrity coupled with quantitative reverse transcription real-time PCR (RT-qPCR)
have been reported, including porcine gastric mucine (PGM) assays to selectively bind infectious human norovirus. Recently, a novel three-dimensional
(3D) cell culture technique based on non-transformed stem cell-derived human intestinal enteroids (HIEs), which recapitulate the complexity and cell
diversity of the gastrointestinal tract has been reported to be permissive towards human norovirus infection. In parallel, it has been found that zebrafish
larva also allows the replication of human noroviruses. However, both approaches are still at the dawn of its application in food and environmental
virology field. In this symposium, we will discuss the use of the currently available methods to assess norovirus infectivity and its application to improve
food safety.

S20 Testing and Improving HACCP Team Proficiency to Strengthen Food Safety Culture

CAROL WALLACE: University of Central Lancashire, Preston, Lancashire, United Kingdom, United Kingdom
LONE JESPERSEN: Cultivate Food Safety, Hauterive, Switzerland, Switzerland
JOHN PETIE: MidWestern Pet Foods, Evansville, IN, USA

For years, food companies have invested in collecting food safety data which are typically used to demonstrate how compliant HACCP programs are to
external requirements and more recently to measure where their food safety cultures are at on a culture maturity continuum. These measures are often
calculated based on data collected through surveys and number of non-conformances against a company’s HACCP program. Following data gathering,
decisions are made for how to be compliant next time an inspection or audit comes around but, after this, the data are often forgotten, hidden away in
filing systems, providing no further value to the company. This information wastage goes against the philosophy of HACCP as a preventative continuous
improvement approach to food safety and reduces HACCP to a paperwork exercise. HACCP data and review activities provide learning opportunities for
companies to modernise risk management and overcome the complacency often associated with ageing HACCP plans. This requires understanding of
HACCP Team dynamics and HACCP proficiency to maximise HACCP program upgrades and use them as a basis for strengthening food safety culture.

Participants will hear about factors influencing HACCP effectiveness, including the influence of human factors. Using a case-study of a North American
pet food company, data were collected at three manufacturing locations for food safety culture and HACCP proficiency. Results were tested using ANOVA
and found to be significantly different before and after intervention for all three plants. The proficiency levels improved on average 49% post-intervention
and the significant factors causing this improvement were identified through factor analysis. Speakers will share results from this case study and other
global studies of HACCP teams, HACCP team interventions, and actions required from a practitioner perspective to make lasting and significant changes.
This will include correlation of HACCP team and individual team member proficiency to food safety culture and discussion of practice methods and tools
that leaders have used to make decisions and change behaviours and improve food safety management and culture.

S$21 Understanding Cell-Cultured Seafood and Its Food Safety Challenges

REZA OVISSIPOUR: Virginia Tech, Hampton, VA, USA
MARTIN DUPLESSIS: Food Directorate, Health Canada, Ottawa, ON, Canada, Canada
NOREEN HOBAYAN: BlueNalu, San Diego, CA, USA

Although symposia about cell-cultured (cultivated) foods have been presented at previous IAFP annual meetings, none have focused on seafood. Unlike
beef, pork, dairy, poultry and eggs, hundreds of aquatic animal species are consumed by humans. The diversity of seafood (finfish, crustaceans, mollusks)
along with environments in which they grow (wild vs farmed; salt vs brackish or freshwater) and manner in which they are consumed (raw, partially or
fully cooked, reheated) necessitate a stand-alone session on cultivated seafood products. Current and soon-to-be cultivated seafood include tuna, salmon,
snapper, mahi-mahi, oysters, crab, shrimp, lobster and beluga caviar.

According to the Good Food Institute’s database, 24 companies headquartered in the following countries are developing cultured seafood products:
Australia, Canada, China, Estonia, France, Germany, Israel, Japan, Latvia, Netherlands, Russia, Singapore, South Africa, South Korea, Switzerland and U.S.

IAFP Annual Meeting Abstracts 9



%)

<
3

S
o
),
Q

522 -524

(California, North Carolina, Washington, Wisconsin). However, as of October 2022, Singapore is the only country that has approved sale of cultivated meat
(in November 2020) with chicken being the first product commercialized. Another company plans to build a Singapore facility to produce cultivated shrimp.
Advantages of cultivated seafood include: reduces pressure on wild stocks; more humane and sustainable; not constrained by seasons, weather conditions
or fishing limits; consistent supply; easier to trace; minimizes species substitution (fraud); less waste; and longer shelf life.

While companies developing cultivated seafood claim it is free from conventional seafood safety hazards such as environmental contaminants, natural
toxins, parasites, microplastics, aquaculture drugs, antibiotics and enteric pathogens that plague wild and/or farmed seafood, is that true? Are new or
unanticipated hazards created or introduced in the production of cultivated seafood? Join us for this symposium to learn how seafood is cultivated, how it
is regulated, and how its safety is controlled.

S22 Control of Cronobacter and Salmonella in Low-Moisture RTE Facilities Using Dairy Examples

DAVID COOK: Commercial Quality & Food Safety Solutions, Inc., Richmond, IL, USA
MONTGOMERY BOHANAN: Leprino Foods, Denver, CO, USA
KAREN MCCARTY: Agropur, Inc., Le Sueur, MN, USA

This session will focus on existing best practices and enhancements needed for effective control of Cronobacter and Salmonella in low-moisture RTE
facilities using dairy examples. The speakers are expert practitioners from the industry who are responsible for protecting products and consumers
every day. We will briefly cover many aspects of pathogen controls with deeper dives into three topics. The proposed talks are Cronobacter & Salmonella:
1) Facility and Equipment Design Considerations, 2) Cleaning and Sanitation in a Dry RTE Environment, and 3) Pathogen Control Programs & Enhanced
Environmental Monitoring

The session is being convened by The Innovation Center for U.S. Dairy which provides a collaboration forum for processors to work together pre-
competitively on various aspects of Food Safety. Since 2014 we have had focused groups of experts sharing on low moisture dairy powder pathogen
controls best practices resulting in a two-day workshop, the guidance document Control of Pathogens: Guidance for the U.S. Dairy Industry, webinars, and
additional tools designed to help processors of all sizes.

S23 Serogroup Independent Detection and Isolation of Shiga-Toxin Producing E. coli - Are We Really
Ready for This?

ROBERT BARLOW: CSIRO, Brisbane, Australia, Australia

MICHAEL DAY: USDA-FSIS, Athens, GA, USA

JAMES BONO: USDA, ARS, U.S. Meat Animal Research Center, Clay Center, NE, USA

JOSEPH BOSILEVAC: U.S. Department of Agriculture - ARS, U.S. Meat Animal Research Center, Clay Center, NE, USA

Shiga-toxin producing E. coli (STEC) are the cause of numerous illnesses, outbreaks, and recalls each year. STEC serogroups 026, 045, 0103, 0111,
0121, 0145, and 0157 have been identified as the cause of most STEC infections around the globe. Thus, they are often regulated or monitored in some
fashion. However, additional serogroups such as 0104 and O80 have emerged in the EU as problem strains. Because of this, recent expert panels and
agencies (NACMCF, FAO, FSIS, EFSA) have proposed that it would be prudent to monitor food safety systems for any STEC capable of posing a public health
risk regardless of its serogroup or serotype. Yet, test methods continue to rely on serogroups in one way or another to detect or isolate STEC. If we are to
move towards detecting and isolating any disease causing STEC, alternate gene targets (virulence factors) specific to STEC will be needed to improve the
reliability of the detection assays. Further, culture isolation for STEC will need to take a leap forward as well if O group specific isolation methods are to be
left behind. In this session, the background and impetus for moving away from the current STEC serogroups will be presented with thoughts on how the
redefinition will impact industry, markets, and public health. Then the latest research on approaches to detect STEC using conserved virulence factors, and
to isolate STEC using improved reagents will be described.

S24 Diversity, Equity, Inclusion, and Belonging Considerations across the Food Supply Chain

VIJAY KRISHNA: Glanbia Performance Nutrition, Downers Grove, IL, USA
SUZANNE HATHAWAY: Maple Leaf Foods, Mississauga, ON, Canada, Canada
TAMIKA SIMS: IFIC, Washington, DC, USA

Diversity, Equity, Inclusion, and Belonging (DEIB) efforts within organizations often center themselves on embracing the differences—such as race and
ethnicity, cultural heritage, sexual identity and/or orientation, and differing abilities—of the individuals within their organizations and teams. In addition,
these efforts shine a light on how differences can influence how each person thrives within an organization, revealing what specific working conditions
may help them feel most supported by their colleagues and underscoring how individuals do not need to overly assimilate to be considered an integral
and respected part of their team. Likewise, successful DEIB efforts do not seek to embrace blanket statements such as “We are all the same"—rather, they
highlight that we all have differences (some visible, some not visible), and that these differences do not make any one person better, more productive, or
more valued than another.

As diversity in our society evolves, so does the composition of food industry stakeholders, and enhanced understanding of diversity should be
considered mandatory for the food industry to remain at the forefront of modernized productivity. An intentional focus on DEIB efforts is needed among
all stakeholders, including regulatory agencies, academic institutions, and well-established organizations such as IAFP.

This symposium will feature an overview of IAFP's progress to date on its two-year DEIB journey. In addition to IAFP's progress to date, it will explore
how various sectors of the food production and food safety industries have worked with their teams to integrate DEIB practices into their teams' daily
practices both internally and externally. This will include a discussion about challenges, opportunities and practical examples that have been utilized within
individual organizations to render positive outcomes.
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S§25 Outbreak Symposium

NICOLE STONE: Indiana Department of Health, Indianapolis, IN, USA
SHARON SEELMAN: U.S. Food and Drug Administration - Center for Food Safety and Applied Nutrition, Coordinated Outbreak Response and
Evaluation Network, College Park, MD, USA
LAURA GIERALTOWSKI: CDC, Atlanta, GA, USA
EWEN TODD: Ewen Todd Consulting LLC, Okemos, M, USA
JENNIFER FREIMAN: USDA-FSIS-OPHS, Washington, DC, USA
EVELYN PEREIRA: U.S. Food and Drug Administration - CFSAN, Coordinated Outbreak Response and Evaluation Network, College Park, MD,
USA
THAI-AN NGUYEN: U.S. Centers for Disease Control and Prevention, Atlanta, GA, USA
HEATHER BOND: Public Health Agency of Canada, Guelph, ON, Canada, Canada
AARON BECZKIEWICZ: USDA-FSIS, Washington, DC, USA
LAURA GIERALTOWSKI: CDC, Atlanta, GA, USA
JENNIFER FREIMAN: USDA-FSIS-OPHS, Washington, DC, USA
KARI IRVIN: U.S. Food and Drug Administration, College Park, MD, USA
This symposium covers five different topics surrounding specific outbreak investigations and outbreak investigation mechanics. Additionally, a slot
will be held open for a late-breaking outbreak highlighting a recent iliness outbreak investigation. CDC and FDA will discuss 3 outbreaks of Salmonella
Typhimurium and Salmonella Newport infections in 2012, 2020, and 2022 that were linked to cantaloupe and watermelons grown in the same region of
Indiana. Speakers will describe an enhanced surveillance project focused on these Salmonella strains, laboratory findings from environmental sampling
and prevention activities. An overview of several international outbreaks will be provided by Dr. Ewen Todd. Outbreaks covered in the review include
outbreaks covered in the review include microsporidium Enterocytozoon from a Danish workplace canteen; Salmonella Welikade from goat cheese in
France; Cryptosporidium from romaine in Sweden; botulism from homemade food in Italy. In 2022, there was an outbreak of Sa/monella infections and
an outbreak of E. coli 0157:H7 infections linked to two separate restaurant chains. Representatives from CDC, FDA/USDA, and industry will discuss the
epidemiology, traceback, and public communications challenges surrounding multistate outbreaks linked to restaurants. An FSIS speaker will discuss
a Salmonella Typhimurium outbreak linked to salami sticks investigation, USDA research priorities that came from this outbreak. A speaker from the
Public Health Agency of Canada will review a 2022 multi-provincial outbreak of norovirus and acute gastrointestinal illness. A total of 60 cases from four
provinces were investigated, and consumption of raw and cooked spot prawns was identified as the source of illness. Although root cause could not be
determined, hypotheses include contamination of the harvest areas by sewage outfalls, contamination in water used to fill live tanks, and contamination at
the processor. This was the first multi-provincial outbreak of norovirus associated with spot prawns in Canada.

Symposia

S§26 Controlled Environment Agriculture (Hydroponic/Aquaponic) Research Updates

JENNIFER PERRY: University of Maine, Orono, ME, USA
SANJA ILIC: The Ohio State University, Columbus, OH, USA
SOCRATES TRUJILLO: U.S. Food and Drug Administration, College Park, MD, USA

Interest in Controlled Environment Agriculture (CEA), such as hydroponics (HP) and aquaponics (AP), has steadily grown over the last decades. CEA
offers advantages over traditional, soil-based agriculture since it offers protection from the environment, better water and nutrient use, and year-round
growing. It also negates the need for arable land and can be leveraged as use for vacant existing properties. When growing produce in soilless conditions,
the microbiota to which produce is exposed differs significantly with regard to composition and uniformity from that expected in soil-based systems.
However, the drivers of these microbiota, and the level of risk associated with incidental foodborne pathogen exposure, are not thoroughly understood.
The need for a more holistic understanding of CEA systems is highlighted by recent outbreaks implicating hydroponic produce. In this symposium,
researchers from academic institutions and government bodies will summarize new research on this topic and discuss continuing needs for further
research in this area.

S$27 Sustainability: Is Food Safety Compromised as a Byproduct?

ANGELA ANANDAPPA: Alliance for Advancing Sanitation and Northeastern University, Glenview, IL, USA
JEFFREY LEJEUNE: FAO, Rome, Italy, Italy
CARI RASMUSSEN: Commercial Food Sanitation, Springfield, MA, USA

What food safety concessions have we made in the pursuit of sustainability? Sustainability has been a leading initiative of the food industry for years.
As the concept continues to evolve, regulations and independent certifications have slowly incorporated these ideals. The food industry has implemented
concepts of sustainability from chemical selection, water use reduction and bio-friendly packaging based on consumer and environmental demands.
The question becomes, what are the unintended consequences that result from these actions? In this symposium, global experts from industry and
FAO will discuss these latent outcomes by address the most pressing questions. Can food safety hazards be incurred using these practices? Is food
safety compromised as a by-product of the sustainability efforts? Does the reduction of water in cleaning practices reduce efficacy? What approaches
in application and chemistry selection minimize these potential outcomes? Listeners of the symposium will walk away with a deeper understanding of
the second and third order effects of their organizations sustainability goals, There is no doubt sustainability is a necessary method to ensure future
generations have the resources to meet their needs but the cost to the production of safe, wholesome food cannot be compromised through these
measures.

S28 Challenges and Opportunities Navigating Requirements of Ready-to-Eat and Not Ready-to-Eat for
Refrigerated and Frozen Foods

SANJAY GUMMALLA: American Frozen Food Institute, Bethesda, MD, USA
TBD TBD: TBD, TBD, AL, USA
OBADINA ADEWALE: Federal University of Agriculture, Abeokuta, Nigeria, Nigeria

Significant innovation in the refrigerated and frozen areas of the grocery store in the past decade has enabled a wide variety of choice to the consumer.
New ingredients, processes, packaging technologies, and even product categories have provided today's consumer an array of choice. Despite this
innovation, or because of it, food processors are faced with a multitude of challenges in providing consumers with products that balance food safety with
sensory and quality attributes over the product shelf life. Producers of ready-to-eat (RTE) foods must ensure their products are formulated, processed,
packaged, and stored such that, they are intended for direct consumption without additional cooking steps or processes to eliminate or reduce pathogens
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of concern. Not-RTE (NRTE) foods require validated preparation instructions on the label to instruct consumers how to prepare the food to ensure that it
is safe for consumption. However, adulterating microorganisms are still not permitted in such products. Moreover, there is increasing regulatory and end
customer pressure to tighten microbiological requirements on NRTE products due to concern about consumer deviation from the printed preparation
instructions. RTE foods have been associated with illnesses and outbreaks resulting from poor sanitation, inadequate processing, abuse during storage, or
modified exposure before consumption that may support growth of pathogens to high levels. Steps to address food safety concerns such as appropriate
GMPs, processing parameters, and consumer education supported by science-based and risk-based regulatory approaches help mitigate risks associated
with the prevalence of pathogens. This symposium will explore the challenges and opportunities across the global supply chain in product development,
processing, regulatory compliance and consumer behaviors that blur the distinction and food safety expectations between these foods.

S$29 How Wet is Wet Enough? The Importance of Proper Hydration in Thermal Processing of Aseptic and
ESL Refrigerated Beverages

ROBYN EIJLANDER: NIZO Food Research, Ede, Netherlands, Netherlands
ANDRE REHKOPF: Saputo, Sacramento, CA, USA
ROBERT W. MANNING: Niagara Bottling, Diamond Bar, CA, USA

Commercial losses and recalls due to spoilage of aseptically packaged shelf-stable and extended-shelf-life (ESL) refrigerated beverages, while still
relative rare, are increasing in frequency due to a variety of reasons. These include new and inexperienced entries to the segment, longer production runs,
use of new and exotic plant-based ingredients, difficulty in hydrating hydrophobic ingredients and high bacterial spore loads in incoming ingredients.
While rare, once a spoilage event occurs in this category, the cause of spoilage is exceedingly difficult to diagnose due to the size and complexity of the
processing and packaging lines, the length of production runs and lack of knowledge on the correlation between levels, types and properties of bacterial
spores. These challenges call for holistic and multidisciplinary contributions to provide for root cause-analysis and prevention of spoilage issues.

A common cause of spoilage in this category is the improper hydration of hydrophobic ingredients such as cocoa or high protein powders. This
situation is often misdiagnosed and may result in sporadic, low-level spoilage that may reoccur for weeks or months and in some cases have resulted
in the closing of whole production lines. The objective of this symposium is to provide insight in procedures and strategies to investigate and prevent
spoilage issues in this category with strong emphasis to the issue of ingredient hydration as a cause of spoilage. Presenters will illustrate the various
processes and technologies available to properly hydrate key ingredients as well as provide relevant case-studies illustrating real world spoilage issues
including investigational and diagnostic tools used to asses these spoilage problems.

S30 Applications of Artificial Intelligence and Machine Learning in Food Safety: An Update and Future
Trends

BARINDERJIT SINGH: /. K. Gujral Punjab Technical University, Kapurthala, India, India
ABHINAV MISHRA: University of Georgia, Athens, GA, USA
CLAIRE ZOELLNER: iFoodDS, Seattle, WA, USA

Food safety is essential for our health and survival. Because of the diversity and intricacy of today's food production systems is immense, the highest
food safety standards must be enforced through cutting-edge technologies to protect consumers from foodborne illnesses in today’s complex and
sophisticated food systems. The food industry incurred millions of dollars in damages due to recall costs and reputational damage. Recent advances in the
data science and machine learning have resulted in the discussion of Big Data, a term that has not been traditionally associated with food safety. Food and
Drug Administration (2020) announced the “New Era of Smarter Food Safety Blueprint,” which outlines achievable goals to enhance traceability, improve
predictive analytics, respond more rapidly to outbreaks, address new business models, reduce contamination of food, and foster the development of
stronger food safety cultures by using artificial intelligence and machine learning. Artificial intelligence (Al) empowered proactive data-driven strategies
can help to enhance the food safety management system in the food supply chain by alarming the food safety issues before they become serious.
The discussion will focus on food safety delivery from the farm to the fork which requires a strong food safety culture, reliable data, robust database
management, and technical expertise and corresponding Al system design and methodology. The overall goal is to capitalize on opportunities to leverage
Al solutions that focus on consolidating food safety to find new applications from existing algorithms. These innovations can minimize food waste and
significantly ameliorate sustainability.

S31 Food Safety within the Horticultural Sector in Africa

ADEWALE OLUSEGUN OBADINA: Federal University of Agriculture, Abeokuta, Abeokuta, Ogun State, Nigeria, Nigeria
GENET GEBREMEDHIN: Global Alliance for Improved Nutrition (GAIN), Addis Ababa, Ethiopia, Ethiopia
GLORIA LADJEH ESSILFIE: University of Ghana, Legon, Ghana, Ghana

At the 2022 IAFP Annual Meeting, a group of interested food safety experts from different regions in Africa held a short symposium on Food Safety
within the context of Food Security in Africa and discussed the trade-off between food safety and security that exist in safety of food traded at formal and
informal markets.

The current proposal for a short symposium follows up from that session and zooms in on those food safety challenges that are particular for
horticultural products coming into food value chains and onto informal and formal markets in Africa as identified during the ACAFP Conference in 2022.
Since contamination with pathogenic microorganisms and chemicals can take place at different stages in food value chains, these become pertinent
food safety concerns when not adequately managed. More precisely, water is used ubiquitously, for example not only as drinking water for humans
and animals but also for cleaning fruits and vegetable or for irrigation. Thus, it is a key element in the food chain. Consequently, the contamination of
water might affect the whole food value chain if not treated properly. Abattoir effluents of which wastewater is insufficiently managed is one reason for
contamination with mixture of bacteria coming from abattoir workers and food-producing animals which is spread via the water canals. Crop irrigation,
application of pesticides with contaminated water and cleaning of sale fruits and vegetables at markets with water from different sources are also
primary sources for the spread of the contaminated bacteria. Some of the identified microbial and chemical hazards are Escherichia coli, Salmonella sp.
and pesticides. Fruits and vegetables are increasingly praised as healthier foods but with little attention on the safety even though they are becoming
increasingly important in the food chain and may as well have contact to potentially contaminated water from slaughterhouses. This is a challenge and
requires initiatives towards understanding the situations with relevant interventions.

The aim of this session is to picture the food safety situation and challenges in horticultural production within the continent of Africa as experienced by
researchers from different countries in Africa and raise a discussion on the risks and what can be done to address this in the local context
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S$32 Aquaculture and Aquaponics: Waste Not, Want Not

JANELLE HAGER: Kentucky State University, Frankfort, KY, USA
JENNIFER BANACH: Wageningen Food Safety Research, Wageningen University & Research, Wageningen, Netherlands, Netherlands
ANDREA TARNECKI: Auburn Universtiy, Dauphin Island, AL, USA

Seafood aquaculture continues to expand world-wide, with an estimated 50% of seafood produced for human consumption being cultured, globally.
In addition to seafood, seaweed is a growing commaodity cultured for consumption. Often the types of culture systems or handling practices employed
to ensure a profitable crop can unintentionally introduce potential food safety hazards. Increasingly, fish and shellfish are being cultured in or aquaponic
systems. In aquaponic systems, the natural by-products of fish are used as nutrients for plants, such as lettuce and basil, being co-cultured in the system.
As beneficial as these systems are for produce (and seafood) production, they inherently present numerous challenges to food safety and quality of both
product types.

This session will provide an overview on both aquaculture and aquaponics systems, with a focus on potential, and identified, public health concerns.
Specific examples of challenges for food safety and quality in aquaculture and aquaponic systems will be discussed.

S33 Campylobacter-Associated Food Safety

XIAONAN LU: McGill University, Sainte-Anne-de-Bellevue, QC, Canada, Canada
QUING ZHANG: /owa State University, Ames, IA, USA
THOMAS ALTER: Freie Universitat Berlin, Berlin, Germany, Germany

Campylobacter is the most common laboratory-confirmed cause of bacterial foodborne gastroenteritis worldwide, accounting for 400-500 million cases
of diarrhea annually. Campylobacteriosis is the most frequently reported foodborne iliness in North America, outnumbering reported cases of Listeria,
Salmonella, and Escherichia coli infections combined. According to the European Union One Health 2018 Zoonoses Report, campylobacteriosis
remains the most reported zoonotic infection in humans in Europe since 2005, representing almost 70% of all reported cases. While Campylobacter
typically causes self-limiting gastroenteritis, it can also lead to life-threatening post-infection complications, such as Guillain-Barré syndrome and
septicemia. The high infection rates of campylobacter pose great economic burdens.

Symposia

Campylobacter-associated food safety is a significant concern worldwide. Even though Campylobacter spp. are quite susceptible to environmental or
technological stressors, they are able to survive in the environment and in food products. Both domesticated and wild birds are natural reservoirs of
Campylobacter, and once this microaerobic bacterium colonizes the avian gastrointestinal tract, there is no effective intervention to reduce its footprint in
the agro-ecosystem. Although this microbe is microaerobic, it is highly prevalent everywhere in the aerobic food processing environment, such as poultry
farms, dairy farms, and animal slaughter facilities. It is not clear at what step in the food chain the cross-contamination starts to occur. Furthermore,
Campylobacter genomes are highly dynamic thus requiring detection and intervention strategies to be adaptable to these genetic changes. Taken together,
novel research works are required to better understand this microbe and its interaction with the agri-food system.

This symposium focuses on the critical perspectives of Campylobacter-associated food safety, such as cultivation, detection, typing, sequencing, survival,
ecology, adaptation, antimicrobial resistance, and control strategy. Eventually, we aim to help the agri-food industry to develop systemic strategies to
combat this microbe in the agro-ecosystem so as to improve food safety.

S34 From Inspection to Insight: Using Regulatory Retail Inspection Data to Improve Food Safety Policies
and Practices

ADAM KRAMER: Centers for Disease Control and Prevention (CDC), Atlanta, GA, USA
BARBARA KOWALCYK: The Ohio State University, Center for Foodborne lllness Research and Prevention, Translational Data Analytics Institute,

Columbus, OH, USA
CARRIE RIGDON: Association of Food and Drug Officials (AFDO), Saint Paul, MN, USA

Hundreds of thousands of retail food inspections take place every year by state and local public health agencies, generating huge amounts of data
about food safety risks present at retail. Often data generated from these inspections is evaluated for one establishment or even one inspection at a
time by local authorities. But advanced data analytic methods and powerful data analytics tools can help us identify effective food safety policies and
opportunities for better protecting public health. Academic and industry partners can play a crucial role in collaborating with local and state public health
organizations to provide analytical support and research perspective to these analyses. Recently, groups across academic, regulatory and industry, have
turned to data to inform food safety decisions and policymaking. The utility of this data analysis for informing decision makers lies in the increased
capacity of local and state public health organizations to collect and manage their data in a way that allows for additional analyses, appropriate application
of statistical and data analytic methods that can accommodate the correlated and sometimes messy nature of inspection data, and team members that
can draw meaningful insight from the results of such analyses to inform their programs. Additionally, aggregation and analysis across several individual
data sets can elucidate the characteristics, environmental factors, and practices in retail and food service establishments that affect the prevalence of
foodborne illness risk factors. In this symposium, researchers from across government and academia will share work that has been done recently using
inspection data and discuss how powerful data analytics tools can help us see where we are making a difference and where there are still gaps in meeting
our food safety and public health protection goals.

This symposium is being submitted as a companion to:

* Practical & Effective Approaches and Uses of Data in Retail & Foodservice Food Safety Programs (roundtable)

S35 Wait, a Sanitizer is What Now?! Paradigm Shifts in Sanitizer Regulations and How They Impact Food
Safety and Sanitation Application

TAJAH BLACKBURN: Environmental Protection Agency, District of Columbia, DC, USA
VERONICA MOORE: FDA, College Park, MD, USA
LEE-ANN JAYKUS: Department of Food, Bioprocessing and Nutrition Sciences, North Carolina State University, Raleigh, NC, USA

If you have not already heard, the U.S. Environmental Protection Agency (EPA) is changing sanitizer regulations. Sanitizers, as you know them, only
reduce bacteria. A disinfectant is required if you want a higher efficacy or a broader range, i.e., viruses. This will not be the case moving forward. The EPA
plans to allow sanitizers to have virus claims without being a disinfectant. This change improves sanitation access, lowers costs to end users, and reduces
pesticide overuse. But, this regulatory paradigm shift upends years’ worth of education, training, and food safety regulation. So, how does this impact food
safety? How do these changes impact sanitation standard operating procedures? How should | now evaluate my current sanitation portfolio? What viruses
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should be controlled by my sanitizer? When is a disinfectant required now? How will the FDA Model Food Code adapt to reflect these statutory changes?
Expert speakers from EPA, FDA, and academia will tackle these pressing questions. They will share regulatory updates, perspective, pain-points, and
impacts to the industry. Symposium attendees will leave with a firm understanding of this new regulation, its impact to their sectors and businesses, and
better understanding of utilization of antimicrobial products within food settings.

S36 Establishing Microbiological Performance Standards for Food Safety

STEPHANIE NGUYEN: Conagra Brands, Omaha, NE, USA
RICO SUHALIM: PepsiCo, Plano, TX, USA
AARON UESUGI: Mondelez International, Columbia, MD, USA

The Food Safety and Modernization Act's (FSMA) Current Good Manufacturing Practice and Hazard Analysis and Risk-based Preventive Controls for
Human Food regulation requires that process controls for food are validated. Per the regulation, validation “must include obtaining and evaluating
scientific and technical evidence (or, when such evidence is not available or is inadequate, conducting studies) to determine whether the preventive
controls, when properly implemented, will effectively control the hazards.” Validations for thermal processes are conducted to demonstrate that a specific
thermal process can significantly minimize or prevent the pathogen of concern to a reasonably safe level.

Performance standards are the specific pathogen reduction levels that must be attained during processing to assure proper food safety has been
achieved. In some cases, these limits have been established over decades of scientific testing. More often than not, these performance standards can vary
depending on the food category.

Performance standards can be established based on currently available scientific literature, scientific studies performed by the company, regulatory
requirements, or by using risk-based pathogen modeling.

This symposium will explore accepted industry performance standards across categories such as meats and poultry, salty snacks, juices, carbonated
beverages, bakery products, and shelf-stable canned foods. For many products, specific guidance for a performance standard is not available because
adequate data is not available (for all products) to establish the log reduction necessary to protect public health. In such cases, there is a need for
multiple-hurdle concept that leverages scientific literature and laboratory testing data to determine appropriate performance standards for those product
categories. In this symposium, experts will share practical examples and considerations for their choices (including the use of mathematical modeling in
performance standards development), and verification and validation options for these types of preventive controls. It is hoped that the examples shared
will spur discussions with attendees to collectively benchmark current practices among participants.

S37 When the Material Isn’t Foreign: Identification and Mitigating the Risk of Inherent Physical Safety
Hazards

AMANDA JONES: Purina, Saint Louis, MO, USA
KEITH RHOADES: Intertek, Arlington Heights, IL, USA
SARAH SMITH-SIMPSON: Gerber, Fremont, Ml, USA

The behaviors in which we consume food have dramatically changed from the inception of mandatory HACCP filings. Food and food packaging is
ever evolving to meet new geographic perceptions of health, wellness, and sustainability. In the midst of these global changes, physical safety incidents
are more prevalent than ever. Just in the U.S. alone, there are approximately 5,000 choking deaths per year and choking is the fourth leading cause of
unintended injury death. Additionally, pets are not immune to food related safety incidents. Choking and suffocation events occur frequently, costing dog
and cat owners exorbitant fees in emergency veterinary care.

When foreign material is present in food, actionable steps are relatively clear, but when the hazard is part of the intended food itself, the lines begin to
blur. There is foundational knowledge that can be operationalized to reduce choking and other intrinsic physical safety risks for both humans and pets.
Utilizing design hazard analysis techniques can determine whether the physical attributes of a product or package have the potential to create a hazardous
condition for the consumer.

This symposium will discuss:

Foundational knowledge around physical hazards and risks thereof.

How to identify, assess, eliminate and/or mitigate these risks using design-based proactive interventions with special focus on vulnerable
populations and identifying foreseeable use.

Analytical evaluations to measure the severity of hazards and how physical attributes of food and food packaging may contribute to
undesired outcomes.

How and when to communicate risk to the consumer when a hazard cannot be eliminated.

Case studies illustrating how changes to product or package design impact physical safety risk.
Takeaways will include differences in approach to demographic and geographic perceptions, how to operationalize at scale, incorporation into
organizational workflow, and why cross-functional teams should collaborate to manage physical safety risks.

S38 Pressing Food Safety Issues in Some Developing Countries: Challenges and Current Trends

AUBREY MENDONCA: lowa State University, Ames, IA, USA
KIZITO NISHIMWE: Department of Food Science and Technology, University of Rwanda, Kigali, Rwanda, Rwanda
JUAN SILVA: Mississippi State University, Mississippi State, MS, USA

There is a growing global paradigm shift in developed countries from largely implementing food safety actions at their ports-of-entry to preventive,
risk-based interventions using the most current scientific information and best practices. In this regard, this symposium will focus on current practices
that compromise food safety during growing, harvesting, processing, transport, storage, and distribution of selected food products in some developing
countries. This symposium will also provide information on areas of improvement needed for relevant authorities and systems in those countries to
effectively and efficiently regulate food safety. Although food safety as a whole is important, there are certain pressing issues that compromise production
of safe food in certain parts of the world. Those issues can vary among countries globally. Therefore, this symposium will highlight important contributory
factors that increase food safety risks in Rwanda, Guyana and Mexico. This symposium will shed light on food safety concerns associated with both
the flow of food from farm-to-consumer and food safety regulatory deficits in those countries. Moreover, it will provide country-specific information
to offer food safety scientists and allied researchers a solid factual basis for collaborative research on international food safety issues. Presenters will
highlight farm-to-consumer food safety issues, and current regulatory actions unique to their respective country. They will also discuss how these issues
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are presently being addressed in relation to selected food products currently being exported or with potential for export. Attendees will gain a better
understanding of these issues and possibly gain a solid informational basis for establishing research linkages with institutions and relevant personnel
in developing countries. While many symposia have focused on international issues, this symposium is unique in that it aims to address highly relevant,
up-to-date food safety concerns in several developing counties within one symposium.

S$39 What's Cooking? Lethality Processes for Scientific Gaps in FSIS’ Appendix A

JOHN LUCHANSKY: USDA/ARS/ERRC, Wyndmoor, PA, USA
SHELDON HANNA: Smithfield, Smithfield, VA, USA
CHRIS YOUNG: American Association of Meat Processors, Elizabethtown, PA, USA

In December 2021, the Food Safety and Inspection Service (FSIS) announced the availability of an updated Cooking Guideline (Appendix A). FSIS
develops guidance to apply to as many products as possible; however, because processes vary widely across industry, FSIS guidance may not always be
directly applicable. As part of this update, FSIS also identified several “scientific gaps” - common cooking processes for which establishments have used
Appendix A as support, even though the processes cannot achieve the critical operating parameters included in the revised guideline.

In the interest of continuing to refine and improve guidance for meat and poultry establishments, this session will provide an update on efforts by
federal agencies and their partners to fill relevant gaps and develop scientific support for lethality processes identified as scientific gaps in Appendix A.
This session will also provide an overview of how industry and academic partners might develop, validate, and implement custom lethality processes as an
equivalent alternative to recommendations provided in Appendix A. Overall, this session aims to provide industry with additional resources for supporting
lethality processes within their hazard analyses (9 CFR 417.5(a)(1)) while highlighting areas where additional research may expand opportunities for
innovation and optimization.

Symposia

S40 Food Safety and Packaging Sustainability: Protecting Our People and Our Planet

NICOLE TUCKER: Loblaw Companies Limited, Brampton, ON, Canada, Canada
NAEEM MADY: Intertek, Boca Raton, FL, USA
CRYSTAL HOWE: Ice River Sustainable Solutions, Shelburne, ON, Canada, Canada

Political pressure and consumer perceptions regarding packaging are rapidly evolving with a strong push for corporations to have documented
commitments to sustainability. Ensuring materials are sourced sustainably, support recycling, while also optimizing product quality and safety are
key to meeting many sustainability goals. The packaging industry is the largest waste generator and accounts for 55% of global waste. As such, many
sustainability goals are focused on tackling plastic waste. Unfortunately, this is not an easy solve for the food industry. Currently, plastic packaging is a key
component in food production and in many cases essential to ensuring food safety and maintaining the integrity of the product.

In this symposium we will review the impact to food safety as sustainability goals drive the change to recyclable plastics and incorporating recyclable
plastic materials within food contact packaging. The audience will hear the perspective from Canada’s largest retailer as they intertwine strategic plastic
reduction goals and product innovation across a vast category of control branded products. Consideration will be made to understand the various
risks, controls and quantitative methods used to identify hazards associated with recycled packaging material. And finally, the audience will hear how a
corporation has overcome challenges in pursuit of more eco-friendly operations in the world of plastic packaging.

S41 Bridging the Gap: From the Lab to Real-World Use

CHANNAH ROCK: University of Arizona, Maricopa, AZ, USA
TAURAI TASARA: Institute for Food Safety and Hygiene, Vetsuisse Faculty, University of Zurich, Zurich, Switzerland, Switzerland
UELI VON AH: Agroscope, Bern, Bern, Switzerland, Switzerland

Pathogens such as Listeria monocytogenes, Salmonella, Norovirus, other viruses, and fungi continue to be a problem regardless of advancements in our
understanding of them. It could be that research has focused more on improving the understanding of these pathogens without a very strong focus on the
application of this new knowledge to solving real-world problems. With the rising pathogen resistance to hurdle techniques and disinfection procedures
as well as the frequency of food and water-borne outbreaks, it has become more important that we also focus on translating the advancement of our
understanding of these pathogens to better control or avoid such outbreaks, reducing their threats to food safety and public health. Climate change,
increased industrialization, intensive farming, and processing of food all contribute to altered microbe behavior and increased chances of pathogen
evolution and the emergence of new more dangerous pathogens as seen with the COVID-19 virus. Moreover, pathogens are easily spread as the world
has increased in its interconnectivity through travel and trade. Therefore, we need to restructure our research to also focus on applying all the brilliant
laboratory findings to improve public health and food safety.

This session focuses on identifying advancements and challenges to translating laboratory findings to real-life application and aims to stimulate
discussion to bring about a change in research focus and identify some of the gaps and concerns to be addressed. Key session takeaway will include
the realization that (i) translational research is key to improved pathogen control and for countering microbial adaptation against most interventions. (ii)
Microbes continue to evolve, likewise, research must also evolve. (iii) Controlled laboratory experiments help in developing new hurdle techniques, and
generate and support hypotheses. However, implementation is often under non-controlled variable conditions which often alters the predicted efficiency
of an intervention. (iv) Microbiology research must focus on both advancement of knowledge and application of gained insights to solve real-life problems.

S42 Root Cause Analysis to Identify Causes of Viral and Parasitic Diseases Outbreaks: Does It Matter?

TIM JACKSON: U.S. Food and Drug Administration-CFSAN, College Park, MD, USA
DREW MCDONALD: Taylor Farms, Salinas, CA, USA
JULIE JEAN: Institut sur la nutrition et les aliments fonctionnels, Université Laval, Québec, QC, Canada, Canada

Foodborne outbreaks caused by viral and parasitic pathogens continue to occur linked to the consumption of different types of produce. Viral Hepatitis,
for instance, continues to be an important cause of human illness globally. In the U.S., several viral hepatitis outbreaks linked to consumption of fresh and
frozen berry fruits have been reported in the last few years. In addition, Cyclospora cayetanensis, the culprit for large foodborne outbreaks of cyclosporiasis
associated with ready-to-eat and other types of fresh produce, has becoming an increasing food safety concern in the U.S. and Canada. These outbreaks
result from systematic failures in the food systems designed either to control known hazards or to anticipate potential novel hazards. Opportunities exist
to identity the root cause of these outbreaks by applying a systematic, analytical approach known as root cause analysis (RCA). Timely initiation of an RCA
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is important because after a certain period it is practically impossible to reconstruct the factors that led to the occurrence of an outbreak. In addition,
experiences accumulated from RCAs conducted in past outbreaks should contribute to refine the process and approaches to identify the true causes of a
problem, as well as how to eliminate them. This symposium will discuss the different aspects of RCAs conducted to identify underlaying causes of viral and
parasitic diseases outbreaks including the challenges that are encountered when trying to identify the root cause of these outbreaks.

S43 How to Use Data to Identify Key Needs and Drive Evidence-Based Organizational Food Safety Culture
Change: Learnings from Dairy Industry

SOPHIE TONGYU WU: University of Central Lancashire, Preston, United Kingdom, United Kingdom
DON PAGH: Saputo Dairy Foods USA, Decatur, AL, USA
JONATHAN FISCHER: HP Hood LLC, Wilmington, MA, USA
CONRAD CHOINIERE: Office of Analytics and Outreach, Food and Drug Administration, U.S. Department of Health and Human Services,

College Park, MD, USA

Food safety culture has gained increasing discussion in the recent decade. Despite the many existing models on assessing food safety culture, there is
limited empirical evidence on how exactly an organization identifies targeted action and assesses needs based on data. This data-driven culture change is
especially relevant nowadays with accentuated regulation and third-party standards. Therefore, this symposium will share (1) how predictive regression
and a Tableau dashboard were used on data from 86 dairy plants to identify statistically significant strengths and weaknesses and to drive changes, (2)
real-world examples from industry Quality leaders based on implementing food safety culture programs at two different companies, and (3) how these
food safety culture measurements and actions contribute to regulating food safety and business future from a regulatory perspective. The statistical
analyses on the culture measurements and their impact on culture changes will be discussed. Improvements, challenges, and best practices from dairy
industry will be shared. Regulatory implications will be examined.

From this session, the audience will learn where to start the data-driven organizational culture change, and how to leverage existing resources to
prioritize key needs and create sustainable, meaningful culture change.

S44 Food Allergens in Foodservice - Detection, Control, and Management

JOSEPH BAUMERT: University of Nebraska, Lincoln, NE, USA
BETSY CRAIG: MenuTrinfo, Ft. Collins, CO, USA
GABRIELA LOPEZ VELASCO: NEOGEN, Lansing, Mi, USA

Food allergens are a global issue with approximately 7% of the world’s population having a food allergy. In the U.S., 17 out of 63 deaths related to
allergic reactions from foods are restaurant related. This may be due to high turnover rate, misconceptions from team members on the severity of food
allergic reactions, and lack of allergen training. Currently, only 5 states and 2 cities have mandatory allergen training for restaurant employees. Ways to
reduce these incidents may by improved labeling and more risk assessments. Food allergens are present in many foods and ingredients in foodservice
operations, and with many savvy customers requesting allergen-free products, restaurants need to be prepared to respond to these requests. A
symposium with presentations to address the best practices to prevent allergen cross-contact, allergy training regulations, technologies to test/identify
allergen residues on FCS, certifications for allergen-free foodservice locations, and examples and lessons learned from incidents with customers and
allergic reactions, etc. is being proposed.

S45 Cyclosporiasis in the Americas

MARIA LUNA: Benemerita Universidad de Puebla, Puebla, PU, Mexico, Mexico
JORGE GOMEZ: Universidad del Quindio, Armenia, Colombia, Colombia
MANUELA VERASTEGUI: Universidad Peruana Cayetano Heredia, Lima, Peru, Peru

Cyclospora cayetanensis is a coccidian parasite that causes gastrointestinal iliness in humans. Initially this parasite was primarily associated with
foodborne outbreaks linked to berries. Since 2013, Cyclospora outbreaks in the U.S. have been associated with consumption of imported herbs and salad
greens. Several countries in the Americas are considered endemic for Cyclospora. The microbiological safety of fresh produce during production and
processing is important and its association with foodborne outbreaks needs to be better understood.

This symposium will address the similarities and differences between each geographical region including the prevalence of Cyclospora in humans and
fresh produce and their respective challenges specific to the Americas in particular Peru, Colombia, Mexico, and USA.

S46 Assessment of the Potential Allergenicity of Foods from Novel and Alternative Sources of Protein

PHILIP JOHNSON: University of Nebraska-Lincoln, Lincoln, NE, USA
MICHAEL ABBOTT: Health Canada, Ottawa, ON, Canada, Canada
RICHARD GOODMAN: University of Nebraska, Lincoln, NE, USA

In recent years, an array of protein-based food ingredients from novel sources including air protein, bacterial, fungal, algal, plant, insect and cell
cultured meat sources have been developed and are entering the human diet. This trend is intersecting with concerns about increased public health
concerns related to food allergies on a global basis. The allergens in foods are typically proteins although some food proteins definitely have more
allergenic potential than others. Some novel proteins have the potential to cross-react with known allergenic proteins. Other novel proteins have some
potential to develop into novel allergens. Some global regulatory jurisdictions (European Union, Canada) have novel food regulations that, in part, mandate
the assessment of the potential allergenicity of novel protein sources before they are allowed for use in foods. In the U.S., the GRAS process is used and
should include an allergenicity assessment of the novel protein source. Several approaches to allergenicity assessment have been utilized, although no
foolproof approach exists. This session will focus on a hazard assessment of the wide array of novel protein sources, a critique of existing approaches to
the allergenicity assessment of novel protein sources, and proposals for alternative approaches.

S47 Testing for Non-Cultivable Foodborne Pathogens: Interpretation of Molecular-Based Results in the
Context of Public Health Risk
BRANKO VELEBIT: Institute of Meat Hygiene and Technology, Belgrade, Serbia, Serbia
MAURICIO DURIGAN: U.S. Food and Drug Administration - CFSAN, Office of Applied Research and Safety Assessment, Laurel, MD, USA
JEFFERY FARBER: Department of Food Science, University of Guelph, Guelph, ON, Canada, Canada

The contamination of produce and agricultural water with human enteric viruses and protozoan parasites is a significant food safety concern.
Outbreaks of hepatitis A virus, human norovirus, and Cyclospora cayetanensis continue to occur, with the riskier products being soft fruits and herbs/leafy
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greens. In response, routine surveillance and testing using non-culture-based detection methods are increasingly employed, however the interpretation

of results can be tricky. The purpose of this symposium is to introduce the varied nuances of interpreting detection results for non-cultivable pathogens in
food, water, and environmental samples, and the potential role of testing in information gathering and risk management. The first two presentations will
focus on how the data obtained from methods commonly used for detection and confirmation of enteric virus and parasitic protozoa contamination in
food and water are interpreted. These presentations will consider issues such as sample size and number; assay sensitivity and specificity; meaning of Ct
values; predictive value of the test; interpretation in the context of pathogen infectivity; and confirmation considerations, among others. The third speaker
will discuss how the interpretation of testing results relates (or does not relate) to public health risk, and future considerations as testing for non-cultivable
foodborne pathogens becomes increasingly common. Participants will come away with a greater appreciation for the complexity of this issue, and an
understanding of the global landscape that constitutes detection of foodborne pathogens which are currently not possible to culture in a laboratory
setting.

S48 Estimating the Cost of Foodborne llinesses

SANDRA HOFFMANN: USDA Economic Research Service, Washington, DC, USA
ALICE WHITE: Colorado School of Public Health, Aurora, CO, USA
BRAD GREENING: U.S. CDC, Atlanta, GA, USA
BRENDAN DOUGHERTY: Public Health Agency of Canada, Guelph, ON, Canada, Canada

Economic estimates can help decision makers and the public better understand the impact of foodborne illnesses and the resources needed to prevent
them. This session will present new estimates of the cost of foodborne illnesses in the United States, estimates of how antibiotic resistance increases the
cost of salmonellosis in Canada, and news designed to help state departments of public health estimate the health benefits and administrative costs of
foodborne iliness outbreak investigation and response.

Symposia

The new U.S. cost of foodborne iliness estimates are the result of a multi-year research effort by USDA Economic Research Service (ERS) and the
Colorado School of Public Health. They expand the coverage of prior ERS estimates to parallel 2011 CDC estimates of the incidence of foodborne illness;
provide a comprehensive update of modeling on chronic outcomes of foodborne ilinesses in the U.S.; and enhance uncertainty modeling capacity.
Estimates of the cost of foodborne illness have been used by researchers at the CDC to develop a tool that can be used by state departments of public
health to estimate the economic savings from illnesses prevented by foodborne iliness outbreak investigations and interventions. CDC also collaborated
with the Colorado Integrated Food Safety Center of Excellence to develop a micro-costing tool that can be used by state departments of public health to
estimate the administrative cost of conducting foodborne iliness outbreak investigations. These three efforts provide essential information for public
health decision making on food safety and foodborne disease response. They also provide useful information for communicating with the broader public
about the impact of foodborne iliness and the costs and benefits of their prevention. Antibiotic resistance is a growing problem for all infectious disease.
Researchers from Public Health Canada have estimated the added cost of illness from antibiotic resistance in nontyphoidal Sa/monella.

S49 Sanitary Design for Automation and Digital Transformation

ROBERT WALLACE: Novolyze, Bethesda, MD, USA
DIMITRI TAVERNARAKIS: Mondelez International, Heraklio, Greece, Greece
TIMOTHY RUGH: 3-A Sanitary Standards, Inc., McLean, VA, USA

Trends for automation in food manufacturing have increased significantly recently with a 2022 survey indicating 27% of food manufacturers plan
to invest in automation, robotics or Al to deal with pressures from labor or the need to become more preventative through the use of data generated
through Industry 4.0 initiatives. These speakers will share details about what is driving the current automation trend, what does it mean to automate
or digitize in 2023 and what sanitary design considerations are critical to protect food safety. The purpose will be to provide knowledge and tools for
evaluating whether or not automation is likely to be implemented in the participants food area and what are the benefits and food safety risks to that
automation. Another area will be to provide a means to evaluate the risks of new automation equipment and Industrial Internet of Things devices
being used in the food industry and how to appropriately mitigate these risks. The presenters have extensive experience in implementing digital
transformations, evaluating food safety risk in sanitary design and trends affecting food safety.

S50 To Eat or Not to Eat: The Utility and Challenges of Using Risk-Benefit Assessments for Decision
Making in Food Safety and Nutrition

MARIA BASTAKI: Methodology and Scientific Support Unit, European Food Safety Authority, Parma, Italy, Italy
HANS VERHAGEN: Technical University Denmark/Ulster University/ FSN Consultancy, Utrecht, Netherlands, Netherlands
MATTHEW DELLINGER: Medical College of Wisconsin, Milwaukee, WI, USA
Foods, and diets overall, are a source of multiple risks and multiple benefits. While there are risks associated with the consumption of certain foods,
failure to incorporate foods with potential health benefits into the diet may be considered a health risk. Indeed, the lack of a health-benefit can be thought
of as a health-risk. Qualitative and quantitative risk-benefit assessments (RBAs) can be used to support public health decisions in food safety and nutrition
by integrating health-relevant evidence from various disciplines. However, carrying out an RBA is a challenging task that requires rigorous scientific
analysis, while also requiring the assessor to address uncertainty, be responsive to the needs of risk managers and provide results that are translatable to
consumer advice. Strengthening the link between RBA, risk management decisions, and dietary recommendations can improve public health outcomes.
The objective of this symposium is to bring together internationally renowned scientists working on RBA to present the state of the science, including
emerging methods, and their application to real life dietary advice and to highlight future needs. The context of the U.S. regulatory perspective will be
briefly introduced. The first speaker will then provide the European Food Safety Authority (EFSA) perspective on RBA, including the published guidance
and update. The second speaker will present emerging methods and the communication bridge between risk managers and assessors. We will end
the symposium with a presentation on case studies using RBAs developed for guiding health research in fish-consuming Great Lakes Native American
Communities.
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S51 From Farm to Food: A New Perspective on Heavy Metals in Human Diets

ANGELIA SEYFFERTH: University of Delaware, Newark, DE, USA
BENJAMIN RUNKLE: University of Arkansas, Fayetteville, AR, USA
ASHISH POKHAREL: Michigan State University, East Lansing, Ml, USA
FELICIA WU: Michigan State University, East Lansing, MI, USA
KEVIN BOYD: The Hershey Company, Hershey, PA, USA

Have you ever wondered where heavy metals come from or why they may be present at trace levels in some foods? This session will take a look at how
heavy metals enter the food supply chain (hint: they are not added-in during manufacturing) and the impact of factors such as farming practices, growing
location, soil type, and processing. To help provide context, this session will also explore dietary exposure to heavy metals based on what is known about
metal uptake by specific crops from their environments and also food consumption data. Importantly, using case studies of crops with high levels of
consumption, the session will explore pre- and postharvest mitigation strategies to potentially reduce the presence of metals in crops and work toward the
goal of continuing to minimize dietary exposure to the lowest feasible levels. Considering the diversity of factors that affect the uptake/presence of heavy
metals in foods, and the uniqueness of factors for each metal and crop, mitigation options require creative solutions that must be feasible and practical
to implement beginning at the farm level. Solutions to mitigate the presence of metals will involve collaboration among scientists, growers, ingredient/
food manufacturers and policymakers. Case studies presented will address mitigations of US-produced as well and internationally-sourced crops and
ingredients

S52 Building Strategies for Prevention

TIM JACKSON: U.S. Food and Drug Administration-CFSAN, College Park, MD, USA
NATALIE DYENSON: Dole Food Company, Inc., Charlotte, NC, USA
GRETCHEN WALL: International Fresh Produce Association, Newark, DE, USA

Outbreaks and recalls are the most visible indications of food safety system failures. Less visible are near misses uncovered by verification of processes,
materials, growing and manufacturing environments through process measurements, inspections and sampling programs. Effective investigations
and root cause analysis can provide information to develop effective corrective and preventive actions and identify open questions needing further
investigation, and areas where stakeholder collaboration can be effective to drive research, develop relevant guidance, standards and training.

This symposium will highlight the role of effective investigation and root cause analysis, examples of industry and multi-stakeholder collaboration on
prevention, and the current FDA initiative to work with other stakeholders to identify, develop and execute prevention strategies for new or persistent
issues.

S§53 Digital Transformation of Data: Trials, Tribulations, and Lessons Learned from the Healthcare
Industry

ROBERT WALLACE: Novolyze, Bethesda, MD, USA
WENDY BIGALA: OS/ Group, Aurora, IL, USA
GALE PRINCE: President, SAGE Food Safety Consultants, LLC., Cincinnati, OH, USA

There is an increased necessity for the transition from written documents and Excel Spreadsheets to digitizing data for the use of Al Technology, recalls,
and government mandates for the food industry. The industry understands that the digitization of data could help us with unforeseen food safety risks
and potentially reduce those enterprise risks. However, the question is how and at what cost? First, we will review, “What can we learn from the healthcare
industry in advancing food safety by using Al.” Second, attendees will get to hear about the “Challenges to the finish line - infrastructure, locations, and
user experience” from a company currently going through the transition. Finally, we will prepare the attendees for the challenges around the safety of
the data. Attendees of the symposium will walk away with a deeper understanding of the trials, tribulations, and learnings from the healthcare industry,
data security, and a food manufacturing company’s current transition. There is no uncertainty that the food industry will have to make the digital
transformation of data to support future growth. The learnings from another industry that has transformed should help arm the food industry with the
knowledge of making the successful transition.

S54 The New Codex Alimentarius Framework for Safe Water Reuse in Food Production and Processing
Put to the Test in Practice for Fruit and Vegetable Food Products

KANG ZHOU: Food and Agriculture Organization of the United Nations, Rome, Italy, Italy
ANA ALLENDE: CEBAS-CSIC, Murcia, Murcia, Spain, Spain
MARCOS SANCHEZ PLATA: Texas Tech University, Lubbock, TX, USA
Water is an increasingly precious commodity in many geographies. Codex Alimentarius, covering 99% of the governments of the world, is for the first-
time developing guidance on the safe reuse of water for food production and processing that can help address issues of water scarcity where relevant.
Competent authorities around the world may adopt the new guidance in their country but will be scrutinizing the feasibility and practicality of the new
guidance, especially in resource limited settings.
In the past several years, the Food and Agricultural Organization (FAO) and World Health Organization (WHO) have established a new framework
for science- and risk-based decision-making on fit-for-purpose water use and reuse in primary production and food operations. This framework has
been developed through the Joint FAO/WHO Expert Meetings on Microbiological Risk Assessment (JEMRA) and the science/principles foundation of the
framework and its application to the fresh produce, fishery and dairy sectors has been featured at past IAFP meetings. At these meetings, there has been
broad agreement of principles but quite some discussion on practical matters, and most often concerning the management of safe water use and reuse in
situations where human, expertise and financial resources are scarce.
In order to test the feasibility and practicality of the new framework, FAO and WHO will stage expert and stakeholder workshops scrutinizing three
aspects:
+ the efficiency of the decision-making processes/systems of the framework
+ the utility of potential indicator microorganisms/agents in the context of the decision-making processes/systems
+ useful microbiological criteria for fresh fruits and vegetables
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Key experts involved in the road-testing events will inform the IAFP food safety community of their work and results in this symposium supported by
the Water Safety and Quality PDG and the International Food Protection Issues PDG as main sponsors. However, also the Microbiological Modelling and
Risk Analysis PDG, the Fruits and Vegetables Safety and Quality PDG, the Dairy Products Quality and Safety PDG and the Seafood Products Safety and
Quality PDG have formally confirmed their support to the proposal.

S55 Queso Fresco-Type Cheeses - Listeriosis Outbreak Prevention Strategies

KRISTIN BUTLER: U.S. Food and Drug Administration, Dauphin Island, AL, USA
TIMOTHY STUBBS: Innovation Center for U.S. Dairy, Rosemont, IL, USA
ALEX O'BRIEN: Center for Dairy Research, Madison, Wi, USA

Queso fresco-type (QFT) soft cheeses are high-moisture, low salt, near neutral pH, fresh cheeses that require refrigeration for safety. Depending
on their country of origin, some of the more popular soft cheeses include Oaxaca, Panela, Queso Blanco Fresco (Queso Para Frier), Queso Fresco, and
Requeson. Consumers may find these cheeses at retailers, or in prepared dishes at restaurants. The fresh nature of these cheeses provides an ideal
growing condition for pathogens such as Listeria monocytogenes. Recent outbreaks of QFT cheeses prepared with pasteurized milk have mainly been linked
to L. monocytogenes. Recently, cooperative efforts among various industry stakeholders have been aimed at reducing the occurrence of outbreaks linked to
QFT cheese. This symposium discusses efforts that government, industry and universities have put in effect.

S56 Ensuring Honey Authenticity - Recent Developments

NORBERTO GARCIA: Apimondia, President of the Scientific Commission Beekeeping Economy and Chairman of the Working Group
Adulteration of Bee Products, Buenos Aires, Argentina, Argentina
MARISA AMADEL: Nexco, Bueno Aires, Argentina, Argentina
JODIE GOLDSWORTHY: Beechworth Honey, Beechworth, VIC, Australia, Australia
This session will be a deep dive into the many complex aspects of ensuring honey authenticity in global food supply chains. We will review what
is known about honey fraud and the damage it causes to legitimate producers, agricultural production, and the environment. We will introduce the
innovative work of the USP Honey expert panel to develop a Food Chemicals Codex honey standard and to publish the Honey Fraud Mitigation Guidance for
industry. The honey standard includes explicit descriptions of honey composition and quality factors, identification methods, and additional methods that
can be used to confirm authenticity. A USP expert volunteer will review this work and discuss how the standard can be implemented within food supply
chains. The Honey Fraud Mitigation Guidance, which is targeted for publication in 2023, provides in-depth discussion of the various contributing factors
to honey fraud and a strategy for reducing the risk of fraud. The remaining speakers in the session will provide insights into some of these contributing
factors, such as the challenges of identifying a “silver bullet” for analytical testing and how market economics can both incentivize fraud and provide clues
that it is happening. One of the speakers will present a case study of efforts to protect the honey market and beekeepers in Australia. This session will be
a comprehensive review of the current state of honey authenticity measures, and it will be valuable to anyone who sources honey as a food ingredient or
eats it at home.
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S57 Optimizing Sanitation in the Produce Industry

RUTH PETRAN: Ruth Petran Consulting, LLC, Eagan, MN, USA
VALENTINA TRINETTA: Kansas State University, Manhattan, KS, USA
JUSTIN KERR: Factor IV Solution, Atascadero, CA, USA

The importance of an effective sanitation program is well established, but far too often we miss opportunities to reevaluate and improve our approach
to cleaning and sanitizing. Many in the fresh produce industry are reconsidering their approach to sanitation considering the unique challenges that come
with harvesting and packing in the field, or relatively open environments, compounded with regulatory and buyer demands. A lack of sanitation in food
environments has led to foodborne outbreaks and recalls due to the increased likelihood of product contamination (e.g., cross-contamination, biofilms).
The Food Safety Modernization Act Produce Safety Rule requires documentation of sanitation activities including cleaning and maintaining all non-food
contact surfaces, and inspecting, cleaning, and when necessary, sanitizing food contact surfaces used during produce harvesting, packing, and holding.
Clean is assessed as visibly clean in produce environments, but this raises questions: what is clean, why do we need to clean, how do we clean, what about
biofilms, and how do you verify cleaning (beyond the visual inspection)? Can lessons be learned from other industries who also deal with cleaning difficult
equipment, tools or environments? Picking a sanitizer is almost as personal as picking a mate, with there can be butterfly effects for packing environments;
for example, adding water (wet-based sanitizers) into an otherwise dry-pack operation. Blending cleaning and sanitizing into real-life sanitation programs
is easier said than done. Thus, we will dive into a real-life case study on the complexities involved in developing and implementing a robust harvester
sanitation program (by the industry, driven by a food safety program need).

S58 Potentially Carcinogenic Compounds in Food and Water (Ethyl Carbamate, Acrylamide, and Chlorine
Byproducts)

BENJAMIN REDAN: U.S. Food and Drug Administration, Bedford Park, IL, USA
NIGEL HALFORD: Rothamsted, Harpenden, United Kingdom, United Kingdom
XUETONG FAN: USDA, ARS, Eastern Regional Research Center, Wyndmoor, PA, USA

In recent years, numerous potentially carcinogenic contaminant compounds in foods have been spotlighted as problematic and further research is
needed to determine their prevalence as well as means of remediation. Three of these compounds are ethyl carbamate (EC), acrylamide and chlorine
byproducts (CBPs). EC is a contaminant by-product formed during the fermentation or processing of foods and beverages, often associated with beer,
wine, and distilled spirits, and at lower concentrations in other foods products such as soy sauce, fermented dairy products, vinegar, pickled vegetables
and breads. Allowable limits in alcoholic beverages have been set in several countries and animal studies have demonstrated that EC is a probable human
carcinogen. Acrylamide is produced during the frying, roasting or baking of potato and grain-based foods based on the presence of sugars and asparagine.
The U.S. Environmental Protection Agency classifies acrylamide as “likely to be carcinogenic to humans.” Strides have been made to develop potato and
grain crops that are more recalcitrant to the formation of acrylamide during cooking. As a result of chlorine sanitization, CBPs (such as trihalomethanes
and haloacetic acids) can be generated or are a contaminant in water, fresh produce items and nuts. In addition, perchlorate is present in many fruits
and vegetables. U.S. and EU regulatory agencies have legislated legal limits on maximum levels for some of these chemicals in foods and water. Further
research is called for to target mitigation strategies as well as to develop rapid and sensitive methods for the detection of these compounds in the food
supply. These lectures will detail these compounds, their occurrence in foods, means of ameliorating problems and analytical methods for their detection
in foods and water.
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S59 Food Safety Risk Dashboards, Network Analyses, and Surveys: New Risk-Based Tools to Support Food
Safety Decisions in a Global Economy

JEFFREY CHOU: U.S. Food and Drug Administration, College Park, MD, USA
ALBERTO GARRE: Technical University of Cartagena, Cartagena, Spain, Spain
JUN CHENG: Singapore Food Agency, Singapore, Singapore, Singapore

The confidence of consumers in the ongoing safety of their food supply depends on the ability of national authorities to identify emerging hazards and
risks, implement effective controls at the national and international level, and establish effective risk communication strategies. Increasing globalization of
the food supply requires governments and other stakeholders to develop and adopt advanced approaches to predict, measure and respond to potential
food safety risks.

This symposium showcases several new evidence-based tools that can be used by national food safety authorities, institutes or other stakeholders
to support risk-based food safety decisions. First, the United States Food and Drug Administration (FDA) will highlight their use of machine learning as
a critically important tool to predict non-compliance in the global food supply to improve risk-informed resource allocation and better protect public
health. Researchers from Spain associated with the Technical University of Cartagena (UPCT) will subsequently discuss advances in the use of network
analyses of international food imports, exports and production as a tool to identify possible hazard sources and predict the possible spread of outbreaks.
Finally, the Singapore Food Agency (SFA) will share Singapore’s experience in conducting its first Total Diet Study (TDS) as the fundamental scientific
evidence for their national authority to develop measures to ensure food safety and for other stakeholders (i.e., industry, consumers, etc.) to make
informed food safety decisions.

The session is designed for food safety professionals from academia, industry, trade associations, consumer organizations and government interested
in learning about new risk-based tools used by national authorities to guide food safety decisions.

S60 Producing Safer Sprouts: Advancements in Sprout and Seed Safety Since the Implementation of
FSMA

TONG-JEN FU: U.S. Food and Drug Administration, Division of Food Processing Science and Technology, Bedford Park, IL, USA
CARMEN WAKELING: Eatmore Sprouts & Greens Ltd., Courtenay, BC, Canada, Canada
LISA MUMM: Mumm’s Sprouting Seeds, Parkside, SK, Canada, Canada

The food industry, academia, and the government have made considerable strides in improving the safety of sprouts since the implementation
of FSMA. Contaminated sprouts have been previously linked to multiple foodborne illness outbreaks. Seeds are often the source of contamination,
but sprouts pose a particular concern as conditions that promote seed germination also promote pathogen growth - developing ways to minimize
contamination of the seed and then the proliferation of pathogens, if present, during sprouting is crucial in the overall approach to reduce public health
risks of sprouts. Additionally, in recent years, the U.S. Food and Drug Administration (FDA) has implemented the final Produce Safety Rule, conducted
numerous inspections of commercial sprout operations, and published regulations and guidance documents related to the safety of seed and sprouts.
This symposium will give an update on FDA's regulatory activities as they pertain to the sprout producers. The results of a new study focused on the impact
of temperature on pathogen proliferation during sprouting and postharvest storage will be discussed. A sprout operation owner will give their perspective
on how their industry has made seed for sprouting and sprouts safer.

S61 Preparation and Continuous Professional Development - The Essentials of Effective Food Safety
Audits and Inspections

BOBBY KRISHNA: Dubai Municipality, Dubai, United Arab Emirates, United Arab Emirates
ANDREW CLARKE: Loblaw Companies Limited, Etobicoke, ON, Canada, Canada
ERICA SHEWARD: Global Food Safety Initiative, The Consumer Goods Forum, Levallois-Perret, France, France

Food Safety audits and inspections provide a much-needed verification step of food business compliance programs, globally hundreds of thousands
of these activities are completed with the intent of providing assurance that implemented food safety programs are working effectively and food for
consumers remains safe to eat.

Despite often multiple layers of oversight, including 3rd Party food safety certification audits and regulatory based inspections, significant food
safety issues continue to be reported. Several high-profile recalls have been linked to pathogen contamination and reported iliness, Blue Bell Ice Cream
for example and more recently Abbott Nutrition which experienced a product recall linked to infant formula despite maintaining a GFSI certificate. The
question remains, why are these program gaps present and going undetected and why are stakeholders and the public lacking confidence in 3rd party
food safety audits.

The symposium aims to answer these questions by transparent discussion of the challenges faced in the audit/inspection world. While auditor/
inspector competence continues to be an issue, the challenges faced during the recent COVID pandemic found unprecedented hurdles and issues with
remote food safety audits and inspections. We will hear from a regulator on some ground-breaking data management solutions which support continued
oversight, reducing the need for inspection while also aiding inspections when they are carried out. Additionally, an overview will be provided on one
of the GFSI Race to the Top Features, providing an overview of the proposed framework which has been developed for auditor training and continuing
professional development. Finally providing a transparent career path for individuals wishing to become a food safety auditor while recognising the work
professionally. Finally, there will be an overview of the development and implementation of a retailers second party global vendor audit program, the
challenges faced with using multiple auditors and information as to how consistency has been achieved.

§62 U.S. Army Funded Research in Food Safety

SHANNON MCGRAW-MANZA: U.S. Army DEVCOM Soldier Center, Natick, MA, USA
BOCE ZHANG: University of Florida, Gainesville, FL, USA
JASON BOES: Colorado State, Fort Collins, CO, USA

The U.S. Army Combat Feeding Division’s mission is to provide operationally relevant research and development to deliver solutions for evolving
field feeding challenges for the American Warfighter. Within that division, the Food Protection and Innovative Packaging Team (FPIPT) is responsible for
protecting warfighter health by the prevention, detection, and elimination of food contaminants through the development of procedures, validation of
novel diagnostics, analysis of risk assessment tools and validation of novel pathogen reduction methodologies. They also conduct research to provide the
warfighter with rations that will ensure high levels of performance and quality, nutrient retention, and safety.
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Current efforts include collaborations with academia, industry, and other government organizations to develop and transfer technology that will
enhance food safety and protect the health of the deployed Warfighter. These food safety efforts include: rapid identification technology for food and
water pathogen viability, testing of foodservice active sanitation technologies, and the development of cost effective sensors for the rapid screening of
complex food & water matrices as a presumptive test to justify confirmatory testing.

The purpose of this symposium is to introduce the IAFP community to these research efforts as well as the U.S. Army’s short and long term goals for
food safety in field feeding. This session can serve as an opportunity to expand outreach and foster increased collaboration in trying to meet the unique
food safety capability requirements needed for the modern Warfighter and the rest of the food safety community.

S63 Deploying Genomic and Metagenomic Tools to Tackle Animal Food Safety Challenges

STEVEN RICKE: University of Wisconsin, Madison, Wi, USA
RYAN MCDONALD: FDA/CVM, Laurel, MD, USA
JOE HEINZELMANN: Neogen Corporation, Lansing, M, USA

Genomic and metagenomic technologies are rapidly expanding to become part of the common toolbox indispensable for food safety researchers,
regulators, and industry personnel to better ensure product safety. The use of these technologies in the animal food (pet food, animal feed, raw materials
and ingredients) area is a more recent development compared to that in the human food area. Nonetheless, researchers have been exploring such
technologies to better characterize the microbial safety risks and antimicrobial-resistant organisms in animal food commodities. Industry has been
capitalizing on these technologies to gain a better understanding of resident organisms and transient ones in their facilities. Regulators are starting to
adopt genomic tools in responding to animal food contamination events. The symposium seeks to highlight this emerging trend in animal food safety
arena. Expert speakers from academia, government, and industry will address three core topics. First, what is the status on applying genomics and
metagenomics tools in animal food safety research and development? Second, how do we strengthen such applications to reach better animal food safety
outcomes? Third, what challenges do we face for the wider adoption of these technologies in advancing animal food safety in universities, government
agencies, and corporates. Symposium attendees will leave with a greater understanding of what genomic and metagenomic technologies are being
explored to address animal food safety research and development questions, how they are used in the industry real-world to safeguard animal food
production, and how regulators are adopting these technologies in day-to-day work to support animal food surveillance and compliance activities.
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Note: One speaker Ryan McDonald is a junior scientist and first-time IAFP attendee. Three speakers represent industry, academia, and government,
respectively.

S64 Investigating Ambiguous Outbreaks and Adverse Events

CRAIG HEDBERG: UMN School of Public Health, Minneapolis, MN, USA

TIM JACKSON: U.S. Food and Drug Administration-CFSAN, College Park, MD, USA
MICHAEL VASSER: CDC, Atlanta, GA, USA

MITZI BAUM: STOP Foodborne lllness, Chicago, IL, USA

The FDA will issue a public health advisory for investigations that have resulted in specific, actionable steps for consumers to take to protect themselves.
However, outbreak and adverse event investigations that do not result in specific, actionable steps for consumers may or may not conclusively identify
a source or reveal any contributing factors. FDA maintains a list of outbreak and adverse event investigations managed by their CORE Response teams.
Adverse event investigations rely on self-reported data. Although these reports may name a particular product, FDA will only indicate a product and will
not publicly name a specific product until there is sufficient evidence to implicate that product as a cause of illnesses or adverse events.

When investigations into the outbreaks or adverse events do not identify a pathogen or cause of the self-reported illnesses, despite extensive testing
for numerous potential microbial and chemical adulterants, what learnings can be taken from these types of investigations that could contribute to a
prevention strategy? These include improved investigational approaches and tools, use of Root Cause analysis to uncover factors that could improve
attribution, improved outbreak communication strategies for reaching consumers and industry, and new areas of research.

S65 South-South Symposium - Learning from Large Scale Food Safety Interventions in Wet Markets of
Africa and Asia

HUNG NGUYEN: /LRI, Nairobi, Kenya, Kenya
HIMADRI PAL: Natural Resources Institute, Chatham, United Kingdom, United Kingdom
GENET GEBREMEDHIN: GAIN, Addis, Ethiopia, Ethiopia
SILVIA ALONSO: International Livestock Research Institute, Nairobi, Kenya, Kenya

More than 90% of the global health burden of foodborne disease is borne by the global south. And most of this illness is the result of consumption
of fresh foods sold in informal, poorly regulated markets. In many countries, public marketplaces (called wet markets in Asia) are important suppliers of
fresh foods. After many decades of neglect, the last decade saw a range of food safety interventions aiming at sustainable and scalable improvements
to food safety in wet markets. In particular, the International Livestock Research Institute and partners have pioneered market-based approaches based
on four essential elements of promoting enabling regulatory environment; training vendors in food safety and business skills; providing simple, cheap
technologies; and, most importantly, ensuring motivations are in place for behaviour change. The underlying premise is that professionalizing rather than
criminalizing informal market actors improves food safety outcomes while at the same time improves nutrition and protects and enhances important
sources of income and employment for the poor, especially poor women. The approach emerged from research on smallholder dairy production and
marketing in Kenya and has been recently applied to market vendors in east and west Africa, India, and southeast Asia. These interventions have been
rigorously evaluated using different methodologies including randomized controlled trials and double difference evaluations, and their impact on
consumer and vendor knowledge, attitude and practice measured as well as reduction in risk as the result of interventions. This symposium brings diverse
voices to report on 6 major market interventions in Nigeria, Burkina Faso, Kenya, Ethiopia, Cambodia, India and Vietnam.
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S66 Beyond Aflatoxin: Mitigating Mycotoxin Risks in Animal Food, Feed and Pet Foods

JASON VICKERS: Mars Petcare, Franklin, TN, USA

STEPHANIE ADAMS: Cargill, Wayzata, MN, USA

IAN SCHUETZ: R-Biopharm, Washington, MO, USA

ANTHONY ADEUYA: U.S. Food and Drug Administration / Center for Food Safety and Applied Nutrition, District of Columbia, DC, USA

Mycotoxins are fungal metabolites toxic to mammals, accumulate in grain commodities and foods, and pose threat to health of people, pets, and
livestock. Preventing or minimizing mycotoxins in grains and derivatives is a great challenge for animal and petfood manufacturers. Global trade,
rapid climate changes, and supply chain constraints contribute to increased occurrence and complexity to mycotoxin prediction models. Grains are
contaminated by multiple mycotoxins, but little is known about interactions between various toxins and, not all mycotoxins of significance are considered
in most regulations or guidelines. For animal and pet food producers increased vigilance and regular testing beyond aflatoxins is necessary, considering
potential adverse impacts of other prevalent mycotoxins. Global concerns about rising grain mycotoxins levels have driven innovations for more reliable
testing methods, including multi-array tests for a range of mycotoxins. Companies must prevent introduction of mycotoxin-contaminated grain from
entering their production facilities at levels exceeding regulatory or company-specific standards, as it cannot be eliminated once it is in the ingredients.
This requires detecting mycotoxins in early stages of grain production systems by a deliberate pre harvest approach, rigorous sampling and monitoring
of incoming grains and safe storage to keep mycotoxins within acceptable levels in the finished products. Therefore, it is necessary to implement a
comprehensive integrated mycotoxin management program involving grain suppliers and manufacturers to minimize human and animal health risks,
reduce productive loss and costs.

This symposium articulates essential pillars of an end-to-end mycotoxin management strategy: 1. Understanding sourcing risks and building strategic
supply with integrated grains management program (pre-harvest field management and post-harvest storage management); 2. Novel diagnostics, analytics
and other creative mitigation steps in post-harvest supply chains, 3. Risk characterization and implications of mycotoxins beyond aflatoxins. 4. Current
regulatory governance, emerging policy guidance in North America and global alignment on mycotoxin risks and impacts of climate, conflicts and crisis on
availability of clean grains and grain by-products.

S67 How to Engage Diverse Populations with Culturally Competent Campaigns

BRIAN HARRISON: Health Canada, Ottawa, ON, Canada, Canada

MARTIN DUPLESSIS: Health Canada, Ottawa, ON, Canada, Canada
BARBARA CHAMBERLIN: New Mexico State University, Las Cruces, NM, USA
CINDY JIANG: McDonald'’s Corporation, Woodridge, IL, USA

DEVLON JACKSON: University of Maryland, College, MD, USA

Traditionally in the U.S., food safety materials, assessments, and educational campaigns have been developed in the English language, targeting
primarily English-speaking, Caucasian audiences. We know that the world is an incredible community of people that speak languages other than English
and that experience food differently due to cultural traditions.

Although much of the food safety information for consumers is similar globally, there are fundamental differences in the approaches that specific
countries, organizations, and educators communicate food safety to their own target populations. Beliefs, communication styles, and other cultural factors
affect how individuals receive, understand, and respond to food safety information.

A “one-size-fits-all” approach is not effective in reducing the risk of foodborne iliness. Not all populations resonate with certain consumer food safety
practices which may prevent food handling behavior change. Developing culturally competent communications content requires educators to evaluate
factors such as language, education level, and cultural differences.

In this symposium, panelists will:

Address equity challenges within public health and risk communications.

Explore case-studies from experiences of implementing culturally competent educational content.

Share insights of the demographics of the front-line health and food safety educator as well as the types of resources they need to reach
diverse communities.

Discuss a framework for cultural considerations when creating media such as graphics and digital resources.

Discuss social determinants and equity in developing programming for specific, diverse populations.

Explore how future consumer research can gather qualitative data from diverse populations to understand perspectives and address
communication needs.

With more diversity in our society, there is an obligation for culturally responsive, educationally appropriate, and accessible content. Together we can
put these lessons into action These aspects can then be carried forth to create more equitable food safety and health outcomes.

S68 Reassess the Starting Point: Consideration of Pathogen Fitness Bias in Rapid Enrichment Procedures

LISA GORSKI: USDA, ARS, WRRC, Albany, CA, USA
HALEY OLIVER: Purdue University, West Lafayette, IN, USA
NIKKI SHARIAT: University of Georgia, Athens, GA, USA
TBD TBD: TBD, TBD, AL, USA

Traditional detection methods for low levels of objectionable organisms or pathogens in food or environmental samples rely on an initial pre-
enrichment step in a permissive growth media followed by a selective enrichment for it to be detected by a diagnostic method. Some methods need to rely
on multiple enrichment schemes to recover and detect the full range of a particular pathogen serotypes/variants. Recently developed enrichment schemes
have emerged with a single workflow for selectively detecting microorganisms of interest. Microorganism growth in an environment is dependent on
several factors, the most important being nutrient availability and growth conditions. In addition, it must overcome growth inhibitors or selective agents,
if present and survive when other organisms in the environment are competing for the same resources. The enrichment procedures can potentially
miss some strains that cannot grow/thrive in a particular enrichment media. There is very little discussion on how each organism might have different
needs for cell repair, survival or growth and contain different fitness features. How an enrichment scheme itself might bias the successful growth and
identification of pathogen phenotypes. This becomes particularly important when one is investigating a clinical outbreak or tracing consequential product
contamination.

This Symposium will bring experts that have investigated this critical aspect of organism survival based on prevalence of common foodborne pathogens
such as Salmonella, Campylobacter and Listeria. A better understanding of this initial step of microorganism growth, in commonly used diagnostic assays,
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will be vital to continual improvement of the workflow for accurate pathogen isolation and identification. How genetic and external environmental
factors contribute to growth fitness and survival? Is there a necessity to have multiple lines of enrichments to factor for the organism fitness bias in
certain environments, especially when trying to investigate and track outbreak strains? Increased understanding of pathogens survival variations will help
accurately identify the pathogen of interest and improve identification of objectionable organisms or in foodborne iliness traceback investigations.

S69 Food Safety of Infant Foods: Care for Our Most Precious

KAH YEN CLAIRE YEAK: Wageningen University, Wageningen, Gelderland, Netherlands, Netherlands
SARA BOVER-CID: IRTA (Institute of Agrifood Research and Technology). Food Safety and Functionality Program, Monells, Girona, Spain, Spain
KALLIOPI RANTSIOU: Department of Agricultural, Forest and Food Sciences, University of Turin, Grugliasco (TO), Italy, Italy

Infants are more vulnerable to foodborne diseases. To ensure food safety, in general but even more so for infant foods, it is relevant to identify
and rank hazards, to control the risk by properly validated interventions and to test for the hazards in the food and food processing environment for
verification. In this symposium, all three aspects will be addressed by presenting the work carried out in the framework of the SAFFI project (Safe Food
for infants in the EU and China). An approach using a variety of databases on hazards, foods, outbreaks, and epidemiological data is used to develop a
decision support system for hazard identification and risk assessment. The impact of emerging processing and preservation technologies on the behaviour
of prioritized pathogens in baby food is assessed. A decision support system prototype will be presented for setting the conditions of non-thermal
processes to control hazards in fruit purees as case-study. For verification of control, studies on traditional and molecular techniques relating ingredients,
environmental and end products are analysed and correlated. The work performed supplies crucial information for use in setting efficient monitoring
and sampling strategies at operational (infant food companies) and governmental (food safety agencies) level, designing or evaluating HACCP programs,
performing quantitative risk assessments, and for example auditing activities and are thus relevant for food industry, governments and academia.
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S70 Tools Fit for the Task: Water Technical Forum to Support Risk-Based Agricultural Water Assessments

ELIZABETH BIHN: Cornell University, Ithaca, NY, USA
DON STOECKEL: Cornell University, Sacramento, CA, USA
ERIC HANSEN: Hansen Farms, Stanley, NY, USA
PATRICK HARTMAN: Hartman Blueberries, Lakota, Ml, USA

The Food and Drug Administration (FDA) proposed revision to subpart E: Agricultural Water in 21 CFR 112 (Food Safety Modernization Act, Produce
Safety Rule) represents a monumental departure from FDA's prior approaches to water quality evaluation. In the proposed revision, farms that use
agricultural water on covered produce, prior to harvest, will shift from making decisions based primarily on water quality laboratory tests (e.g., quantitative
tests for generic E. coli compared to standards). Instead, farms will make water-use decisions based on a qualitative assessment that may include
laboratory results as one among several inputs.

Some comments to the FDA docket celebrated the distancing from water testing requirements. Commenters also voiced concern that the current
proposed rule is vague and provides limited structure on how growers will implement the new system, known as an Agricultural Water Assessment
(AgWA). Challenges include limited science available to support this type of qualitative assessment across growing regions, weather conditions,
commodities, and prevailing land uses. Growers also may not have the microbial and risk-based expertise to accomplish the AgWA. The AgWA provides
flexibility to accommodate scientific development and a diversity of risk reduction approaches, but leaves both growers and regulators without clarity
about what compliance looks like.

The proposed compliance dates for subpart E represent a legal and economic cliff for produce growers in the U.S. and exporters to the U.S. This
symposium aims to help resolve this problem by providing examples of risk-based approaches that could allow growers to implement the AgWA and
thereby enhance public health protections. The symposium further provides growers a platform to contribute to discussion of aspects of the example
approaches that are effective, identify challenges that still exist, and move toward practical end-user outcomes.

Note to Reviewers: We agree with reviewer feedback that the novelty and substantial value of this proposed session resides in the applied discussion
that includes the regulated community (actual produce farmers). This modification to our pre-proposal requests a two-hour time slot if at all possible
to enable two talks (one to describe the need and challenges represented by AgWA, the second to provide an overview of the tools that can be used to
achieve an AgWA) and a full hour of dialog among SMEs including at least two representatives of covered farms.

The discussion points in this symposium may provide a starting point for a Food Protection Trend’s article.

S71 Educating and Protecting the Next Generation of Consumers: Key Needs and Opportunities for Food
Safety Outreach Among Children, Youth, and Their Caregivers

KUNNA FAAL: Michigan State University, East Lansing, Ml, USA
MARYBETH HORNBECK: University of Georgia Cooperative Extension, Conyers, GA, USA
SANJA ILIC: The Ohio State University, Columbus, OH, USA
ELLEN EVANS: ZERO2FIVE Food Industry Centre, Cardiff Metropolitan University, Cardiff, United Kingdom, United Kingdom

Safe food handling practices at home are often driven by cultural background, social influences, and habits formed as consumers learn to handle,
prepare, and cook foods. Once habitual food-handling practices are formed, it becomes increasingly challenging to change consumers' behaviors through
food safety education. Therefore, educating children, youth, and parents of infants who can continue to role model safe food handling as their children
grow at home is critical to teach and promote safe food handling practices before potentially unsafe habits are formed and engrained. This symposium
will explore key needs, opportunities, challenges, and success strategies on how to provide food safety education to children, youth, and parents of infants
from multiple perspectives. A diverse group of speakers will speak about their experiences and research findings on implementing cooking classes and
food safety education for youth in the United States, evaluating food safety programs for primary students in The Gambia, developing food safety curricula
for youth with visual impairments in the United States, and safe food-handling practices of mothers that express breastmilk for infants in the United
Kingdom. A multidisciplinary perspective to this issue will be provided along with discussion of key research and policy gaps and recommendations.
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S72 Progressing the Field of Parasite Genomics to Improve Food Safety

LIHUA XIAO: College of Veterinary Medicine, South China Agricultural University, Guangdong, GA, China, China
REBECCA GUY: Public Health Agency of Canada, Guelph, ON, Canada, Canada

KAREN SHAPIRO: UC Davis, Davis, CA, USA

JENNY MALONEY: USDA, ARS, Beltsville, MD, USA

Advances in genomic sequencing have ushered in a new era for the epidemiology and control of pathogens with roles in food and water safety. The
availability and analysis of whole genome sequencing of multiple strains and isolates of individual pathogens have yielded significant improvements
in our ability to study, track, and control these organisms. However, parasites lag their bacterial counterparts in both genomic data availability and
benefit realization. This lag is due to the many technical challenges that face researchers seeking to sequence, assemble, annotate, and compare
parasite genomes. Parasites with roles in food and water safety such as Cryptosporidium, Cyclospora, Toxoplasma, and Giardia vary greatly in their
genetic composition, but they share many of the same data acquisition challenges. Isolates of these parasites are difficult to obtain because methods
for amplification range from extremely difficult to impossible. This lack of access is an important limiting factor in obtaining high quality genomes from
the multiple species, genotypes, and strains needed for comparative analysis studies. Furthermore, even when the genetic material needed for quality
sequences can be obtained, processing sequencing data presents with unique challenges. The streamlined analysis pipelines available in the bacterial
community are often not an option for the parasite community, and custom analysis pipeline development is time consuming and often requires crosstalk
between multiple biological disciplines. Thus, despite significant advances in and availability of sequencing technology and genomic analysis, the field of
parasite genomics continues to exist as an emerging field. This symposium will bring together both government and academic researchers from around
the world with expertise in the genomics of food safety parasites to share experiences, successes, and perspectives in the production and analysis of
parasite genomic data. This symposium will also serve as a forum to discuss ideas and strategies on how genomic data can be leveraged to improve food
safety through novel strategies for parasite detection, tracking, and control.
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Roundtable Abstracts

SS1 Second Get-Connected Market: Connecting IAFP Professionals on Food Safety in Africa Even Better!

BARBARA KOWALCYK: The Ohio State University, Center for Foodborne lliness Research and Prevention, Translational Data Analytics Institute,

Columbus, OH, USA
ADEWALE OLUSEGUN OBADINA: Federal University of Agriculture, Abeokuta, Abeokuta, Ogun State, Nigeria, Nigeria
KEBEDE AMENU: Addis Ababa University, Bishoftu, Ethiopia, Ethiopia
ABDOULIE JALLOW: Food Safety & Quality Authority of the Gambia, Serre Kunda, KMC, Gambia, Gambia
JOYCE THAIYA: Ministry of Agriculture, Nairobi, Kenya, Kenya

The African continent is enormously large and includes 55 countries that are very diverse in social, cultural and economic aspects. For several years,
food safety professionals from the African continent have been increasing their links with and presence in the IAFP community. There now is an active |IAFP
chapter in Africa, the African Continental Association for Food Protection.

For the IAFP Annual Meeting in Pittsburgh, this chapter and various PDGs supported an innovative event, referred to as a “Special Session” of 2 hours,
that aimed to connect IAFP attendees from Africa with those from the rest of the world on the challenges to Food Safety on the African continent.

The objective of connecting food safety professionals in the IAFP community with an interest in food safety in Africa is to help establish networks and to
share ideas and experience that possible will develop further into e.g., collaborations, projects, training and knowledge sharing activities that help further
advance food safety in Africa.

The innovative session held in Pittsburgh allowed for a very active, two-way interaction among about 20 professionals from Africa and others from the
rest of the world. The meeting room was designed such that tables and boards were made available for those “marketeers” who wished to display their
ideas or wishes concerning the needs for or support to advancing food safety in Africa in order to attract the interest of the “browsers” that found their
way to the event. A small number of marketeers was chosen to kick-off the session by reflecting on the wide scope of challenges in Africa during elevator-
pitch presentations.

There was quite a buzz and a lot of energy among the participants for this first edition of this Special Session. While it was an excellent first edition, the
organizers believe a much larger audience of “marketeers” and “browsers” can be attracted in Toronto because there is a good basis of evidence that this
new format works and there is ample opportunity to advertise more and earlier to the IAFP community about it.

Roundtable

The proposal for this session is supported by the International Food Protection Issues PDG, the Developing Food Safety Professionals PDG and the
Committee on Control of Foodborne Ilinesses.

RT1 What Could “Sharing Data” Actually Look Like in an Outbreak?

LAURA GIERALTOWSKI: CDC, Atlanta, GA, USA
RUTH PETRAN: Ruth Petran Consulting, LLC, Eagan, MN, USA
DE ANN DAVIS: Western Growers Association, Pacific Grove, CA, USA
ANETT WINKLER: Cargill, Inc., UnterschleifSheim, Germany, Germany
KARI IRVIN: U.S. Food and Drug Administration, College Park, MD, USA
BENJAMIN MILLER: The Acheson Group, Northfield, MN, USA

When a foodborne outbreak associated with a commercially distributed food occurs, industry and government have a shared interest in determining
the cause to restore confidence in the food supply, limit the risk of ongoing iliness, and protect public health. While this shared interest exists, the
incentives for data and information sharing between industry and the regulatory and public health agencies are often not aligned. Industry is concerned
about liability and regulatory actions, and regulatory and public health agencies must navigate an antiquated, complex patchwork system of government
data-sharing regulations. Because each party in the investigation operates with partial information and without alignment of the collective expertise of
industry, investigators, and epidemiologists, the root cause often remains unidentified. Although new regulations, such as the Traceability Rule, help define
minimal data standards, a consistent, well-defined process for outbreak data sharing remains elusive.

In this roundtable which will be complementary to another focused on the value of data collection prior to an outbreak, experts from industry and
government will discuss solutions to move towards proactively building a more consistent, well-defined process for data sharing to leverage in outbreak
investigations. The session will include examination of the potential application of learnings from other industries (e.g., airlines and crash investigations),
examples of outbreaks where such data sharing may initially be easier, and food company experts discussing their challenges. We will invite participation
in questions such as how incentives could be created for all sides to more openly share data; whether there are data standards that government
regulators and investigators can create (such as those in the Traceability Rule) so product and epidemiologic exposure data is collected in a more timely,
consistent manner; and how industry and government can have more open dialogue to identify an outbreak’s root cause and prevent similar outbreaks in
the future.

Once data sharing is successfully applied to specific outbreak situations, learnings from these events could be applied to larger “big data” initiatives for
further public health protection.

RT2 Implementation of a Risk-Based Supply Chain Control Program - An Industry Perspective

DIANA REGE: Land O’Lakes, Dallas, TX, USA
SARA MORTIMORE: Walmart, Bentonville, AR, USA
KARLEIGH BACON: McDonalds, Chicago, IL, USA

Per FSMA § 117.420 (21 C.F.R. 17.410(a)(1)(2)(3)(4), “a receiving facility must establish and implement a risk-based supply-chain program for those raw
materials and other ingredients for which the receiving facility has identified a hazard requiring a supply-chain-applied control.” Hence, manufacturers
need to employ adequate supply chain preventive controls to significantly minimize and prevent the identified reasonably foreseeable hazards on their
incoming ingredients where appropriate, based on hazard analysis. Furthermore, manufacturers need to adopt a range of activities which may include (but
not limited to): use of approved suppliers, determine appropriate supplier verification activities, reviewing relevant documentation (where appropriate),
to verify the effectiveness of implementation of supply chain controls. As the supply chain becomes more complex, the greater is the cumulative risk and
hence, the more stringent a receiving facility should be assessing their supplier's performance through their verification activities. In addition to present
day supply chain challenges, COVID presented an opportunity to leverage virtual tools for supplier assessments. Virtual tools continue to play an important
role in risk assessment with rising business costs and shrinking travel budgets. For companies that have presence in multiple countries, factors such as
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RT3 - RT6

local regulations, cultural nuances, differences in maturity of the educational systems, economic pressures and other socio-political factors create hurdles
in the implementation of a risk-based supply chain control program. In this symposium, experts from manufacturing, food service and retail industry will
discuss the different challenges and strategies involved in implementation of risk-based supply chain controls as well present case studies on strategic
approaches and best practices to effectively design, communicate and implement science-based food safety standards to ensure safe food from a public
health standpoint.

RT3 How I Learned to Stop Worrying and Love Food Chemicals: Hot Topics in Chemical Food Safety

ASHLEY ROBERTS: AR Toxicology, Toronto, ON, Canada, Canada
NAKIA SMITH: The Coca-Cola Company, Atlanta, GA, USA
JOE ZAGORSKI: Michigan State University, Lansing, MI, USA
STEVEN HERMANSKY: U.S. Food and Drug Administration, U.S. Department of Health and Human Services, College Park, MD, USA
KEVIN BOYD: The Hershey Company, Hershey, PA, USA

Chemicals are all around us, including in the foods that we eat every day. IAFP attendees have likely encountered news articles or social media posts
warning them of the potential danger that these chemicals are posing, typically encouraging dramatic changes in the food they eat to completely eliminate
these chemicals from their diet. In order to maintain a safe food supply, food toxicologists conduct risk assessments on the broad range of chemicals
that could be present in food. these chemicals include naturally occurring substances like heavy metals and aflatoxins, process-formed substances like
acrylamide, and substances intentionally added to food for a technological use. Food toxicology has many unique challenges such as the complexity
that food matrices create for analytical methods, and the need to evaluate substances that often have limited data. In this session, a broad panel of
food toxicologists will provide their insights on what makes the job of a food toxicologist challenging through examples pulled from the headlines. These
examples will stimulate the audience to ask the questions they have always wanted to have answered about the safety of chemicals in food, and give the
audience tools to help them evaluate warnings about food chemicals they come across in the future.

RT4 Microbial Modeling for Food Safety: What are Some of the Liability Issues?

MARK MOORMAN: FDA, Washington, DC, USA
MARIEM ELLOUZE: Nestlé Research Center, Lausanne, Switzerland, Switzerland
BALA KOTTAPALLI: Walmart, Omaha, NE, USA
DONALD W. SCHAFFNER: Rutgers, The State University of New Jersey, New Brunswick, NJ, USA
SHAWN STEVENS: Food Industry Counsel, LLC, Milwaukee, WI, USA

Microbial modeling has been a useful tool in the prevention of potential foodborne illnesses for over 100 years, with the first models designed to
improve the safety of canned and other thermally-processed products through the prediction of process lethality. More recently, pathogen growth models
improved the safety of ready-to-eat (RTE) meat products through the optimization of product formulation. Many models in use today align with guidance
from regulatory bodies such as USDA FSIS, FDA, and EFSA and when used appropriately with experienced technical judgment can continue to support
improvements in food safety. Perhaps because they are generally employed by skilled practitioners, models have an enviable safety record, which might
be why liability issues surrounding their use have not been publicly questioned. At the IAFP Modeling and Risk Analysis Professional Development Group
meeting in Pittsburgh, concerns were raised that members did not understand the potential liability issues associated with use of models. Do they create
new risks for practitioners or do they mitigate liability exposure? Do they transfer risks from product developer to modeler? What practices minimize
liability when models are used for decision-support? Expert panelists with backgrounds in law, modeling and risk management representing industry and
regulatory perspectives will address these questions and more.

RT5 Making Your Environmental Monitoring Data Count

NICOLE MARTIN: Cornell University, Ithaca, NY, USA

FABIANA GUGLIELMONE: Unilever, Group Quality Excellence, Munro, Buenos Aires, Argentina, Argentina
BISMARCK MARTINEZ: Del Monte, Coral Gables, FL, USA

TIMOTHY BUISKER: Smart Data Science Solutions, Galena, IL, USA

LONE JESPERSEN: Cultivate, Hauterive, Switzerland, Switzerland

For many years, food companies have invested in the collection of food safety data which are typically used for reactive go/no-go decisions, such as
“the room and equipment is/is-not clean to run,” “pathogens were/were not found in the production area.” After decisions are made, the data are often
forgotten, hidden away in binders, providing no further value to the company.

In this roundtable, experts in food safety, food safety culture, and data science will discuss how to derive more meaningful insights from your
environmental monitoring data and engage your teams and leaders in an impactful way. They will share examples of how to elevate the level of
sophistication of your data to help strengthen food safety, support positive behaviors, and foster a mature food safety culture. Key themes for discussion
include data quality and reliability, driving actions and behaviors based on environmental monitoring data visualization, and methods or tools that may
help leadership make decisions and change behaviors.

RT6 Sanitation Deserts - Improving Sanitation Availability to Small-and Medium-Sized Produce
Operations

ELIS OWENS: Diversey, Henderson, CO, USA
KAREN ULLMANN: WA Department of Agriculture, Seattle, WA, USA
DEBRA SMITH: Vikan, Swindon, United Kingdom, United Kingdom
ELIZABETH BIHN: Cornell University, Ithaca, NY, USA
BILLY MITCHELL: Florida Organic Growers, Gainesville, FL, USA

Fresh produce continues to be a common vehicle for foodborne pathogens. At the same time, billions of pounds of fresh produce losses are recorded
each year, which can partially be attributed to spoilage. Sanitation is a key program for fruit and vegetable growers, packers, and processors to control
both issues. However, availability to sanitation chemicals, equipment, services, education, and training are not equitable across the fresh produce sector.
Large or multinational fruit and vegetable producers can leverage their size and experts to execute a well-rounded sanitation program. On the other hand,
many small to medium sized produce growers lack the size, purchasing power, and technical expertise needed to address their sanitation challenges
to meet their goals. So, why do smaller operations lack routine availability to sanitation chemistry and equipment? How does industry, academia, and
associations improve availability to key sanitation program features for small and medium size growers? How can these entities improve access to
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education and training for these growers? This panel will discuss underlying reasons for this disparity and paths forward for better availability and
integration. This diverse panel will be composed of experts from multiple sectors who each share a responsibility to solving this important issue. They will
share their perspectives, pain-points, and success stories on this issue and on how to bridge the sanitation gap between produce growers. They will also
discuss opportunities for closing the training and education gap often expected at this level. Roundtable attendees will leave with a better understanding
of sanitation challenges smaller operations face and ways to improve sanitation and food safety for this underserved market.

RT7 Less Than 5 Log Reduction: When is It Appropriate? A Food Industry Perspective

YVONNE MASTERS: John B. Sanfilippo & Son, Inc., Eigin, IL, USA
PAMELA WILGER: Post Consumer Brands, Lakeville, MN, USA
YUQIAN LOU: PepsiCo, Purchase, NY, USA
APRIL BISHOP: TreeHouse Foods, Oak Brook, IL, USA
MATT HENDERSON: Land O’Frost, Inc., Munster, IN, USA
ANETT WINKLER: Cargill, Inc., UnterschleifSheim, Germany, Germany

Establishing performance standards in the manufacture of foods serves to ensure the safety of our food supply and protect public health. However,
certain commodities and food categories are not amenable to be subjected to one specific processing step that will deliver the widely recognized 5-log
reduction performance standard. Could a multiple hurdle approach that include the microbial profile of the ingredient, process and sanitation control
be considered to assure food safety? Even if a food commodity will have received a 5-log reduction kill step, post process-contamination can occur if
the production environment is not maintained under sanitary conditions. The 5-log or higher performance standard, therefore, should be based on the
acceptable level of protection (ALOP) or Food Safety Objective (FSO) and the expected level of contamination of the pathogen(s) in raw materials or in-
process materials used to manufacture a given type of food. For where process conditions that can support the growth of pathogens or toxin formation in
a food commodity exist, the appropriate process controls must be applied. The availability or lack thereof of prevalence data on pathogen(s) of concern in
various commodities can add complexity conducting risk assessments of the potential health risk. While some segments of the food industry such as meat
and poultry, certain produce, spices and nuts, collect prevalence data of pathogen(s) of concerns, but many do not. This session will present scenarios
where the less than 5-log performance standard could be applied to ensure public health based on available data.

RT8 Crunching Beneath the Shell: Demystifying Insect Protein and Risks for Food and Feed

STEFANO LUCCIOLI: Food and Drug Administration, College Park, MD, USA
VINAYAK GHATE: National University of Singapore, Singapore, Singapore, Singapore
JESSIE USAGA: National Center for Food Science and Technology (CITA), University of Costa Rica, San Jose, Costa Rica, Costa Rica
KELLY HAGEN: Entomo Farms, Norwood, ON, Canada, Canada
KEVIN BACHHUBER: Madison Cricket Farm, Deforest, Wi, USA
PAT CROWLEY: Chapul Cricket Protein/Chapul Farms, Salt Lake City, UT, USA

Due to the rapidly increasing population, decreasing available land, and fluctuating agricultural and supply chain challenges due to climate change,
alternative food sources continue to gain importance and interest around the globe. Insects are an emerging alternative human and animal food source
due to their nutritional, environmental, and economic value, with 92% of insects currently wild-harvested. The global overall insect protein market is
expected to grow by 27% yearly from $250M in 2020 to 2028.

Increased interest in entomophagy (insects as food) poses multiple food safety challenges and opportunities for food manufacturers, educators,
and consumers. Challenges include unfamiliarity with the use and safety for both human food and animal feed; the mechanisms for foraging or raising,
harvesting, and processing insects (terrestrial or aquatic); food safety risks (biological and chemical) and preventive controls associated with insects in
food(s) and feed(s); confusion about where to find reliable resources for production and food safety best practices; and cultural biases.

Roundtable

In this roundtable, a panel of experts will discuss three topics surrounding insects used for human or animal food from a global perspective: basic
terminology, usage, and landscape of the international market; the risks (e.g., bacterial, parasitic, toxicity of metals and pesticides, physical hazards,
end-of-use, allergenicity, etc.) associated with the production and consumption of such products from feed-to-fork; and how the risks can be addressed.
This discussion aims to demystify the basics of entomophagy for human and animal foods for those in the food industry, provide various international
perspectives on insect consumption, and open a dialogue between experts and attendees.

RT9 Data Sharing in the Digital Age of Food Safety

DE ANN DAVIS: Western Growers Association, Pacific Grove, CA, USA
JAMES DOYLE: Creme Global, Dublin, Dublin, Ireland, Ireland
SOFIA SANTILLANA FARAKOS: U.S. Food and Drug Administration, College Park, MD, USA
ANGIE SIEMENS: Cargill, Inc., Wichita, KS, USA
MARIE BRETON: Health Canada, Ottawa, ON, Canada, Canada

In the modern age of food safety, more emphasis is being placed on the use of digital tools such as predictive modeling and risk assessments to
improve food safety. These digital tools require large data sets to result in accurate and meaningful information that can be used to improve food safety.
While this can be an expensive and time-consuming endeavor when completed on an individual company basis, this problem can be circumvented by
sharing real-world data between entities. However, there is concern that without proper privacy measures taken, data can be misused leading to potential
negative public and regulatory ramifications or disclosure of proprietary information. As a result, there is hesitancy to share data without more established
safeguards mapped out among both regulatory and industry parties. With a proper framework in place, a shared database would be widely beneficial to
enhance modeling tools capabilities creating an opportunity for Smarter Food Safety systems as described by the FDA which ultimately will improve food
safety and public health. Therefore, this session first aims to establish a dialog regarding the types of data that needs to be shared for accurate modeling
and how this data can be effectively used from the perspective of those that work with these digital tools. Additionally, this session will address potential
mechanisms to share data and ensure privacy from both a legal perspective and from those with experiences sharing data resulting in improved food
safety.
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RT10 Produce Safety’s Solutions: Turning Policy and Science into Action

FRANK YIANNAS: Smarter FY Solutions, Bentonville, AR, USA
JIM BRENNAN: SmartWash Solutions, LLC, Salinas, CA, USA
MICHELLE DANYLUK: University of Florida CREC, Lake Alfred, FL, USA
JENNIFER MCENTIRE: Food Safety Strategy, Washington, DC, USA

This roundtable will feature a conversation around produce safety solutions, specifically the role of turning policy and science into action. We will
present several investigations from past outbreaks, while engaging the panel in a reassessment of the situation, and what are the next steps to making
meaningful change, versus repeating history, or closing investigations at points of convenience. This roundtable will be unique, and promises not to
disappoint, providing an overview of produce safety solutions using data from a modality of sources to describe past outbreak investigations. We will push
the conversation and discussion further (beyond presentations, to engagement with the audience). Our roundtable will consist of an expert panel to briefly
provide reflections and reactions with real life perspectives and experiences. Outbreak investigations, drawn from multiple commodities and granular
engagements to follow root cause analysis, and more focused critical path problem solving will provide a rare open forum view into insights to hazards
and risks, actions taken from these findings, system advancements from industry-led assessments, and partnership-building in research and data analytics
opportunities. Audience attendees will have a unique opportunity to learn about current industry practices and the breadth of recent risk management
insights achieved from pursuing the “details of details” associated with or implicated in hazard and risk hypothesis generation.

RT11 An Ever-Changing Landscape: Can Using Indicator Organisms and Run Time Validation Studies Allow
Industry to Demonstrate Process Control While Maintaining Product Safety in Low-Moisture Foods?

JEFFREY KORNACKI: Kornacki Microbiology Solutions, Inc., Madison, Wi, USA
GERARDO MORANTES: Biihler Group, Minneapolis, USA

NATHAN ANDERSON: U.S. Food and Drug Administration, Bedford Park, IL, USA
PAMELA WILGER: Post Consumer Brands, Lakeville, MN, USA

JOHN HOLAH: Kersia Group, Bury, United Kingdom, United Kingdom

BRIAN FARINA: Deibel Laboratories, Inc., Gainesville, FL, USA

Extended process runs are common in the manufacture of low-moisture foods that operate without frequent sanitation breaks. Clean breaks should be
incorporated into the process at some point; however, what is a systematic approach to using them as preventive interventions? What are they, how can
frequency be determined, and ultimately what is gained by using them proactively?

Common cause failures like soil build-up and the creation of biofilms during extended runs can harbor pathogens potentially compromising public
health. Can industry be more proactive by using microbiological data such as indicator organisms that suggest conditions have changed in the equipment
or environment that might warrant cleaning interventions and provide evidence of process control?

What would drive the use of clean breaks that allow for batch-to-batch microbiological control is now a topic of debate. Do economics, the cost of
downtime for cleaning versus recall costs, or performance should a loss of efficiency be observed due to reduced heat transfer or pressure drops factor
into the decision?

How can the concept of clean breaks and their judicious use be employed by the low-moisture foods industry to substantiate process control?

Topic for discussion include:

Clean breaks - a global desire - what are they?

When is a clean break required - what are the drivers?

How can we use microbiological indicator organisms to signal the necessity for a clean break? Can indicator organisms provide evidence of
process control?

Do we have evidence that extended run-times are a common cause of product safety failure?

What are the key microbiological indicators of creation of growth points in the process?

How do you set up a run time validation study? Study design? Parameters measured? Sampling locations?

Does an increase in key indicator organisms equate to a higher risk for OOS results for pathogens?

What process changes could be implemented to allow for the incorporation of clean breaks?

RT12 The Importance of Diversity in Building Large Integrated Food Safety Initiatives and Projects

MARK CARTER: U.S. Department of Agriculture - NIFA, Washington, DC, USA
JOSEPH ODUMERU: Ministry of the Environment, Etobicoke, ON, Canada, Canada
BYRON CHAVES: University of Nebraska-Lincoln, Lincoln, NE, USA
CATALINA LOPEZ CORRERA: Genome Canada, Ottawa, ON, Canada, Canada
MICHELLE DANYLUK: University of Florida CREC, Lake Alfred, FL, USA

The advancement of food safety science over the past two decades has moved researchers in the direction of multidisciplinary teams comprised of
individuals from a wide variety of institutions, agencies and industries, who collectively analyze large datasets that need to be pieced together to create a
picture. Having perspectives from a variety of backgrounds, experiences, cultures and home disciplines allows for a more complete and synergistic look at
the food safety and research challenges that face our food protection world. Purposeful diversity in gender, culture, race/ethnicity, sexual orientation and
career stage can grow stronger more rounded teams. These progressive projects and approaches do not come without barriers, however. Roadblocks,
especially cultural, experiential and practical ones, often can be fatal flaws in this team approach and it is incumbent on the food protection community
to wade through the barriers and foster diverse teams, regardless of the difficulties. Emerging scientists will continue to exist in a world of creating and
coordinating teams with diverse perspectives and this round table will provide a medium for those on diverse, large project teams to discuss their lessons
learned through their experiences.
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RT13 Practical Approaches to Compliance with the Intentional Adulteration Rule, Benchmarks and
Challenges

JAMES DOYLE: Creme Global, Dublin, Dublin, Ireland, Ireland

COLIN BARTHEL: U.S. Food and Drug Administration, College Park, MD, USA
LORALYN LEDENBACH: Kraft Heinz, Chicago, IL, USA

FRED SODERSTROM: Unilever, Chicago, IL, USA

SHAHRAM AJAMIAN: McCormick and Company, Marietta, GA, USA
YVONNE MASTERS: John B. Sanfilippo & Son, Inc., Eigin, IL, USA

2023 will mark four years since the announced FDA FSMA Intentional Adulteration (IA) Rule compliance date for large businesses. The IA Rule focuses on
the highest risk with intentional adulteration of food to prevent wide-scale public health harm. Many businesses seek additional information to properly
perform assessments and implement strategies to comply with the regulation. This roundtable is intended to provide a roadmap toward compliance with
the IA rule by sharing best practices and examining challenges.

Specific topics related to compliance with the IA rule include a comprehensive training strategy that is inclusive of supervisors and frontline workers
to understand the breadth of the IA rule and its importance; how to develop a vulnerability assessment that identifies significant vulnerabilities and
actionable process steps to prevent intentional adulteration; how to design and implement practical mitigation strategies to limit or prevent intentional
adulteration; requirements for food defense plan documentation; best practice on data management; challenges with the IA rule compliance; and FDA's
observations and expectations with the rule implementation.

The panel includes senior industry leaders with responsibility for managing IA within their organization, representatives from the regulatory community,
and experts from the data science community. The new requirements create opportunities to share executional examples from the industry to help
companies improve the evaluation of threats and implementation of mitigation strategies. It is equally critical to share feedback from FDA on observations
the agency has so far to support effective roll out of the rule. This roundtable will also serve as a platform to share challenges and provide feedback
between industry and the FDA on the areas that the rule may need further clarification or guidance. Those who attend this session will gain best practices
for compliance, strategies for improving food defense plans, and understanding current challenges across the industry.

RT14 Produce Safety Education and Extension Outreach Efforts Targeting Spanish-Speaking Communities
in the United States

AFREEN MALIK: Western Growers Association, Irvine, CA, USA
SERGIO NIETO-MONTENEGRO: Food Safety Consulting & Training Solutions, LLC, El Paso, TX, USA
VALENTIN SIERRA: Amigo Farms, Inc., Yuma, AZ, USA
JACQUELINE GORDON: Washington State Tree Fruit Association, Yakima, WA, USA
ALEXANDRA CORTES: Minnesota Department of Agriculture, Minneapolis, MN, USA

Spanish-speaking communities in the United States play an important role in the fresh produce industry today. They make up a significant portion
of the farm workers, owners, and managers in the localities where fruits and vegetables are produced, packed, and held. However, because of the
linguistic and socio-economic disadvantages faced by many Spanish-speaking communities across this country, this important segment of the fresh
produce industry lacks the same level of accessibility to high-quality food safety information, education, and training resources than other groups. Thus,
establishing effective ways to reach out to Spanish-speaking farmers through community-specific extension training programming is essential to help
them understand and manage food safety hazards in their farms or workplaces. Although the use of Spanish language is an essential first step to increase
access to food safety training and resources, merely translation of existing training materials and resources from English to Spanish will not effectively
reach and train these communities. Translated training materials and resources should be accompanied by other outreach strategies specifically tailored
to the different Spanish-speaking communities found throughout this country.

Roundtable

Therefore, this roundtable will provide an opportunity to share experiences regarding different approaches used to reach and train Spanish-speaking
communities across the produce industry in the United States. Our discussion will focus on sharing different perspectives, empirical and research-based
results, and practical recommendations regarding the appropriate communication and outreach channels to effectively reach and train the Spanish-
speaking communities. Additionally, we will exchange suggestions on how to build effective working relationships based on cultural awareness and
understanding with colleagues from extension, academia, and the industry. Because of the great diversity in geographic, cultural, and socio-economic
realities found in the Spanish-speaking communities in the produce industry, it is important for educators to continually improve our understanding of the
needs of these communities to better serve them.

RT15 Are Rapid Methods Dead? What Methods Does Industry Really Need in the Current Climate?

PURNENDU VASAVADA: University of Wisconsin-River Falls, River Falls, Wi, USA
CATHARINE CARLIN: Mérieux NutriSciences, Chicago, IL, USA

JOSEPH MEYER: Kerry, Waunakee, WI, USA

PAMELA WILGER: Post Consumer Brands, Lakeville, MN, USA

DOUGLAS MARSHALL: Eurofins, Fort Collins, CO, USA

DANIELE SOHIER: Thermo Fisher Scientific, Dardilly, France, France

Microbiological testing of raw material, ingredients, food plant environment and food products is critical and essential part of the quality and safety
strategy of food industry. Conventional testing methods, while considered “Gold Standards” in many cases, are time, material and staff intensive,
retrospective and not always appropriate for challenges of emerging and hard to detect and grow organisms. Thus, there has always been tremendous
interest in Rapid methods and automation in food microbiology.

Over the past several decades, there have been many developments in microbiological testing methods for enumeration and detection of organisms of
concern. But over that time there have been dramatic changes in how testing is done and the need for different test methods is changing. Many industries
that once relied on their own laboratories to do testing, now send samples to external laboratories. The technical skill base in many laboratories has
also changed, with fewer “expert microbiologists” and more “technical operatives” highly capable of doing laboratory procedures but perhaps less skilled
at reading “subjective” end points results. We have changes in what analyses companies may wish to do, unculturable pathogens such as viruses, and
pathogenicity genes such as stx may be future analytical needs. Additionally, the whole focus of risk management has moved from testing safety into
foods, to designing safety into foods via risk assessment and implementation of HACCP.

In this new arena, do companies really need a primary goal of perhaps costly “rapid methods”. Or do they need economically priced, highly automated
methods with very objective end points, that may not have speed as their sole objective.
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With input from method producers, testing laboratories and food producers, this session will explore the area in depth, looking forward to future
industry testing needs.

RT16 Consumer Food Complaint Systems: New Approaches, New Insights - and Potentially New Risks -
with a Conventional Food Safety Surveillance Tool

ELAINE SCALLAN WALTER: University of Colorado, Denver, CO, USA
NATHANIEL WILSON: Kentucky Department for Public Health, Frankfort, KY, USA
MARIJKE DECUIR: Minnesota Department of Health, St. Paul, MN, USA
LORRAINE HASKINS: Canadian Food Inspection Agency, Ottawa, ON, Canada, Canada
NOEL HATLEY: Washington State Department of Health, Olympia, WA, USA
OLUWAKEMI ONI: Jowa Department of Public Health, Des Moines, IA, USA

Consumer complaint systems are a cornerstone of foodborne disease and adverse event surveillance. Complaints have historically been by far the
most common mechanisms for outbreak detection. Consumer complaints are also the primary mechanism for detecting outbreaks caused by etiologic
agents that laboratories seldom analyze or where laboratory methods are lacking. Whether a detected outbreak is investigated, and a cause of the
outbreak is ultimately found, however, requires rapid collection and assessment of actionable information and prioritization. Increasingly, states are
implementing more centralized systems and on-line reporting that provide a single point of entry for consumers and aggregate complaints across several
local jurisdictions, providing a bigger, clearer picture and helping identify outbreaks that may have been missed. State systems have also incorporated
automated workflows that prioritize complaints based on keywords and characteristics and send alerts for follow-up. Increasing aggregation and ease of
reporting by consumers has its caveats, though. Crowd-sourced complaint systems, social media trending, and widespread media publicization increase
the risk of pseudo-outbreaks where hundreds of consumer complaints mention the same food product or brand but lack a true causal relationship. This
roundtable session will explore the improvements in complaint system technology, discuss novel outbreaks triggered by complaints, and identify what
complaint systems excel at and where they are vulnerable.

Notes for Program Committee: Updates have been made to panel member list. All panelists have been notified and are willing to participate. Potential overlap
with 8488 has been discussed with the organizer and mitigated.

RT17 Animal Feeding Operations, Environmental Hazards: Problems, Solutions, and Incentives

DAVID GOLDMAN: Groundswell Strategy (retired USDA), Washington, DC, USA
DE ANN DAVIS: Western Growers Association, Pacific Grove, CA, USA
SHIRLEY MICALLEF: University of Maryland, College Park, MD, USA
NIKKI SHARIAT: University of Georgia, Department of Population Health, Athens, GA, USA
MICHELE JAY-RUSSELL: Western Center for Food Safety, University of California, Davis, CA, USA

A review in the August Food Protection Trends highlighted food safety hazards posed by proximity of produce growing operations to animal feeding
operations (AFO). There are additional papers in the past five years also describing the hazards related to mixed agricultural food systems. AFOs can be
a source of zoonotic contamination to the environment, and thus fresh produce, and meat and poultry products. For instance, in February FSIS wrote,
“Currently, events that cause contamination of pork carcasses cannot be completely eliminated from commercial slaughter, fabrication, or further
processing operations.” FSIS data show that the problems in poultry are worse. The zoonotic hazards enter FSIS inspected facilities on animals and exit on
raw product.
There are solutions. The National Academy of Science in 1970 JMFT Summary of the 1969 report*, included a list of interventions. One committee member,
Pomeroy, implemented them to produce Salmonella-free turkeys. Since then, scientists have developed many more interventions including prebiotics,
probiotics, vaccines, and bacteriophages.

What is lacking is incentives. This roundtable will discuss the problem, solutions, and incentives.

*Committee on Sa/monella, National Academy of Sciences-National Research Council, 1970. An Evaluation of the Salmonella Problem: Summary and
Recommendations. J. Milk Food Technol. 33:42-51.

RT18 Lost in Translation: Advancements and Challenges to Translating Laboratory Findings to Real-Life
Application

KATHLEEN O'DONNELL: Wegmans Food Markets, Inc., Rochester, NY, USA

TOM ROSS: University of Tasmania, Hobart, Tasmania, Australia, Australia

ANA ALLENDE: CEBAS-CSIC, Murcia, Murcia, Spain, Spain

LYNN MCMULLEN: University of Alberta, Edmonton, AB, Canada, Canada

RANDY WOROBO: Cornell University, Geneva, NY, USA

CHANNAH ROCK: University of Arizona, Maricopa, AZ, USA

Microbiological sciences have advanced greatly over the years with many significant discoveries. However, microbes have continued to be major threats
to public health and food safety. There is a disconnect between the amount of generated new knowledge on these pathogens to the amount of new and
or improved interventions against them. A translational approach is therefore required to take food safety and public health to the next level. This round-
table session aims to bring a global perspective on why some old pathogens such as Listeria monocytogenes, Escherichia coli, Salmonella, Norovirus, other
viruses, and fungi have remained a challenge regardless of advancements in our knowledge about them. During this session, experts from academia,
regulatory bodies, and industry will highlight the challenges of translating laboratory findings into practical real-life application and ways to overcome
these hindrances.

Preliminary discussion points will focus on: (i) Summarizing the reasons why microbes remain a significant challenge in face of improved knowledge
about them. (i) Describing translational research and how to incorporate a translational approach in research and experimental design. (iii) Identifying
advancements and challenges in the translation of laboratory findings to practical real-world application. (iv) Discussing areas where translational research
is most critical and lacking. (v) Discussing how to bring about a change in research focus to have a more application approach and identify some of the
gaps and concerns to be addressed.

Overall, we hope that this session will identify advancements and challenges to translating laboratory findings to real-life application and stimulate
discussion to bring about a change in research focus.
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RT19 Practical and Effective Approaches and Uses of Data in Retail and Foodservice Food Safety Programs

AL BAROUDI: The Cheesecake Factory, Calabasas, CA, USA
MELANIE HARRIS: Casey’s General Stores, Ankeny, IA, USA
MEGHANN MCLEOD: Yum! Brands, Plano, TX, USA
ALLISON JENNINGS: Albertsons Companies, Boise, ID, USA
BRANDON VOGA: Big Y Foods, Springfield, MA, USA

TOM FORD: Compass, Charlotte, NC, USA

The food safety industry has analyzed data sets for decades, but the industry has been on an accelerated crash-course in dashboards and insights over
the last 4-5 years. New tech-enabled tools, understanding data plans, layering data sets, and assembling trends over time has really put us on a steep
learning curve. No matter where you are in your data journey, this session will allow you an opportunity to hear what others have learned along the way.

So where are we today as an industry? Do you have “messy data”? Do you have lots of data, but are not able to harvest actionable insights? Are your
data streams aligned by a data plan to allow for correlations and critical insights? Do you have access to food safety data analysts? Are you able to
effectively and easily communicate your insights organizationally? Do you know where your highest environmental risk locations are?

This roundtable will focus on knowledge sharing of data journey success stories from food safety industry leaders in the retail grocery, convenience
store, and foodservice sectors where the use of data drives budgeting, culture, and food safety program improvements. The panel will discuss the use of
various data sets, such as electronic operational checklist data, audit data, health inspection data, internal data streams, and more. Join us and listen to
how food safety leaders and their businesses have organized data architecture to provide key leadership metrics, align risk metrics to allocate focus and
resources on their highest risk locations for action pans, provide communication to leadership on key benchmarks around handwashing compliance, and
drive to improve food safety outcomes within their organizations. This knowledge sharing event to help spark ideas for you to take back to the office and
utilize within your company.

RT20 Is Cultural Confirmation of Pathogens Obsolete?

NIKKI SHARIAT: University of Georgia, Department of Population Health, Athens, GA, USA
ERIC BROWN: U.S. Food and Drug Administration - Center for Food Safety and Applied Nutrition, College Park, MD, USA
XIANGYU DENG: University of Georgia, Center for Food Safety, Griffin, GA, USA
VIKRANT DUTTA: bioMérieux, Inc., Hazelwood, MO, USA

This roundtable is a forward looking sequel to the roundtable session from 2022 titled Rapid Methods and Automation in Food Microbiology: 40 Years
of Developments, Promises, and Disappointments. Traditional culture, immunoassay, PCR and other genomic approaches have all required isolation of
pure cultures for confirmation. Culture Independent Detection Technologies (CIDTs) such as BioFire® PCR array panels, and the targeted metagenomics
that detect pathogens without enrichment or cultural confirmation are being increasingly used in clinical microbiology. The need for speed to detection
and characterization of pathogens in the food industry is leading to advances in technologies that can detect, sero-type, strain type and sequence
multiple pathogens in enrichment cultures. The speakers in this roundtable will share their experience while discussing the challenges, opportunities, and
regulatory considerations with developing and implementing these technologies for rapid detection in food safety and spoilage arena.

Roundtable

RT21 Food Safety Extension Efforts for Small-Scale Urban Agriculture

ARLENE THRONESS: Toronto Metropolitan University, Toronto, ON, Canada, Canada
ASHLEE SKINNER: University of Florida CREC, Lake Alfred, FL, USA
ANNALISA HULTBERG: University of Minnesota, Farmington, MN, USA

Urban agriculture, according to USDA, refers to the cultivation, processing, and distribution of agricultural products in urban and suburban settings,
including warehouse farms, community gardens, rooftop farms, hydroponic and aquaponic facilities, and other innovative ways to grow different
agricultural products. Urban farmers and gardeners collaborate and develop connections within diverse populations intending to expand access to
nutritious foods, foster community engagement, connect with youth, provide jobs, educate communities about farming, and expand green spaces. Much
of their produce may be sold direct-to-consumer or to restaurants and may not be covered by the Food Safety Modernization Act's (FSMA) Produce Safety
Rule (PSR).

Oftentimes low-income, ethnically and racially diverse communities are both the intended consumers and the workforce in these urban agriculture
initiatives. Engaging with communities participating in urban agriculture has great extension and outreach potential because of the emphasis and focus
on community-building and resiliency. Supporting urban farming expansion supports the local food movement, focused on providing healthier food,
reducing transportation costs while improving the food quality, making culturally-relevant food accessible, available, and affordable. Urban production
environments also contribute to neighborhood beautification and sustainability. Nonetheless, this emerging farm sector presents unique hazards and thus
provides a niche for outreach and engagement with growers, especially those outside of the PSR's scope. The goal is to ensure the food safety of these
urban-farmed products.

The panelists are educators and other food safety professionals already working with urban growers and community members to implement Good
Agricultural Practices (GAPs) and comply with PSR requirements within their operations. The goal of this panel is to discuss actionable areas that educators
and other stakeholders can use to improve food safety practices by underserved, urban growers. The panel can discuss opportunities, successful
approaches to engagement, and understanding barriers to connecting and implementing best practices within these spaces. The panelists will address the
importance of GAPs and the intersection with regulatory requirements for urban farming in local food systems and their role in engaging urban growers.

RT22 Ensuring Food Safety within Global Supply Chains: Shared Learnings from Global Food Safety
Enforcement Agencies and Educators

ANDREW WILSON: Dairy Food Safety Victoria, Whiteside, Qld, Australia, Australia

CONRAD CHOINIERE: Office of Analytics and Outreach, Food and Drug Administration, U.S. Department of Health and Human Services,
College Park, MD, USA

CAMERON PRINCE: The Acheson Group, Ottawa, ON, Canada, Canada

JERRY WOJTALA: International Food Protection Training Institute, Portage, MI, USA

ROUNAQ NAYAK: Bournemouth University, Poole, United Kingdom, United Kingdom
Food safety regulatory agencies around the world are responsible for public health by ensuring safe production and consumption of food within local,

regional, national, and international supply chains. While agencies carry out inspections and enforcement to ensure food safety, their practices are guided
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by regulations designed by national and international legislators. In 2020 we explored the challenges faced by regulatory agencies in performing their
inspection and enforcement duties with the aim of developing a globally applicable assessment system which would aid agencies across the world assess
and compare their performance towards achieving global food safety. As of 2022, we have identified the building blocks of a mature food safety regulatory
agency and developed a framework to capture the performance of agencies which have been shared with some key stakeholders. The panel, comprising
of these stakeholders, will share their perspectives on the challenges faced by various international agencies in maximising their performance to ensure
food safety.

RT23 Overcoming Obstacles: How LGBTIQIA+ Individuals Can Thrive in the Field of Food Safety

MICKEY PARISH: U.S. Food and Drug Administration, College Park, MD, USA
JOHN BERES: Whole Foods, Orlando, FL, USA
STIFFY HICE: U.S. Food and Drug Administration, College Park, MD, USA
LISA ROBINSON: Ecolab Inc., Eagan, MN, USA
BYRON CHAVES: University of Nebraska-Lincoln, Lincoln, NE, USA
ERIKA ESTRADA: University of California, Davis, Davis, CA, USA

Over the last several decades, the percentage of adults in the U.S. and globally that identify as a member of the LGBTQIA + community has increased.
Despite the increasing visibility and openness of the LGBTQIA + community, a 2020 study from the Center for American Progress found that many
LGBTQIA + individuals faced barriers and discrimination, including in their professional lives. For example, 35% of surveyed individuals reported that
anti-LGBTQIA + discrimination limited or inhibited their ability to be hired, and 31% of individuals reported that their career progression was limited
because they were a member of the LGBTQIA + community. Large numbers of respondents also chose their field and place of employment to avoid
discrimination and bias. As a professional organization with a emphasis on mentorship and professional development, IAFP needs to champion diversity,
equity, and inclusivity in support its diverse membership, including members of the LGBTQIA + community. This roundtable will foster discussion between
students, early-career professionals in the field of food safety, and established professionals representing academia, industry, and government about
their personal, lived experiences and perspectives as members of both the LGBTQIA + and the IAFP communities. This roundtable is one way for IAFP to
publicly discuss and establish its support for its LGBTQIA + membership, highlight and signal to prospective students, developing professionals, and other
IAFP membership that there are established IAFP members who are also a part of the LGBTQIA + community, who they can reach out to for mentorship,
and to generate a sense of community and inclusivity in the global food safety community. The combined personal, lived experiences of the selected
speakers include representatives from industry, academia, and government, at each career stage. Each panelist will not only discuss their personal, lived
experiences, but will also provide insight into the food safety workforce, discuss how to attract and maintain a diverse workforce, and answer questions
posed by the roundtable attendees.

RT24 From Bench-Top to Scale Up: The Unspoken Food Safety Challenges of Research and Development

MIKE O'ROURKE: Coargill, Inc., Minneapolis, MN, USA
AMIT MOREY: Auburn University, Auburn, AL, USA
WENDY MADUFF: Wonderful Company, Los Angeles, CA, USA
BENJAMIN WARREN: U.S. Food and Drug Administration, College Park, MD, USA
SHAWN STEVENS: Food Industry Counsel, LLC, Milwaukee, WI, USA
From chicken and waffle flavored potato chips to green ketchup, grocery store isles are filled with food products that come in more shapes, sizes,
and flavors than you could ever imagine. Starting as just a concept, new products go through a seemingly straight forward yet challenging product
development (PD) process from bench-top to pilot testing to final commercial launch with a lot of moving parts. Also, innovative products, new processing
technologies, complex governmental regulations, and consumer demand for products free of preservatives and chemicals, has made developing new
products increasingly challenging from a food safety perspective. Although food safety is an integral part of the process, it's often overlooked in these
initial developmental stages due several reasons including the lack of food safety understanding among the product development scientists, a disconnect
between PD and QA departments, and ambiguity in the regulations regarding new ingredients, etc. This roundtable will discuss the unique challenges
faced by food scientists and manufactures in product development touching on the food safety and quality challenges when up scaling from initial concept
to full production, how risks are managed and how decisions are made in regards to new ingredient selection, formulation, and new processes. This
roundtable panel encompasses professionals from all stages of the development process and includes manufacturing PD, food safety, retail, food law, and
government to discuss the many food safety factors and challenges that persist in transforming an idea into something safe and delicious.
Potential discussion points:

+ Industry - When/how are food safety considerations introduced into the R&D process?

+ Government - Does FDA give industry any guidance on food safety considerations for new product development?

+ University - What are some of the most common problems that food companies face during the R&D process and how are you helping them

scale up?
+ Everyone - What are the biggest food safety challenges associated with new product development?
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Technical Abstracts

T1-01 Growth of Salmonella during Preparation of a Fermented Cashew Cheese Analog

Hanna Louvau and Linda ). Harris
University of California, Davis, Davis, CA

0:0 Developing Scientist Entrant

Introduction: In the past decade, three salmonellosis outbreaks in Canada and the U.S. were linked to cashew “cheese” products; the behavior of Sa/mo-
nella during plant-based fermentations is poorly understood.

Purpose: To evaluate the behavior of Salmonella during fermentation of cashews.

Methods: Cashews were soaked 1:1 w/v in water for 24 h at 4°C, drained and blended (1 min) with water and 0.2 g of commercial starter culture (Danis-
co, Choozit MM 100). Cashews with added starter culture (LAB), and rifampin-resistant Sa/monella Enteritidis PT 30-inoculated cashews (1 log CFU/g) with
or without starter culture (SAL+LAB or SAL, respectively) were held at 25°C for 72 h. Using standard methods, Salmonella levels, aerobic plate count (APC),
and pH were measured in duplicate at 0, 24, 48, and 72 h in replicate experiments (n=4).

Results: Initial APC of 8.14+0.21 (LAB), 8.21+0.14 (SAL+LAB), and 1.96+0.08 log CFU/g (SAL) increased to maximum populations of ~9 log CFU/g by
24 h (LAB and SAL+LAB) or 48 h (SAL). The pH decreased significantly from initial pH 6.14+0.19 to 4.85+0.06 (LAB) and 4.87+0.10 (SAL+LAB) at 24 h, and
4.91+0.18 at 72 h (SAL). Salmonella levels increased significantly (P<0.05) by 1.29 log CFU/g from 1.17+0.36 to 2.81+0.18 and 2.46+0.02 log CFU/g after 24
and 72 h, respectively (SAL+LAB), or by 6.96 log CFU/g from 1.44+0.20 to 7.10+0.21 and 8.40+0.34 log CFU/g after 24 and 72 h, respectively (SAL).

Significance: Adding a starter culture reduced but did not prevent growth of Salmonella, indicating that additional control measures may be needed for
plant-based fermented products.

T1-02 Efficacy of Ultra-Fine Ozone Bubbles in Inactivating Listeria monocytogenes on Fresh Produce

Brindhalakshmi Balasubramanian, Trushenkumar Shah, Chen Zhu, Kimberly Rankin and Abhinav Upadhyay
Department of Animal Science,University of Connecticut, Storrs, CT

o%* Developing Scientist Entrant

Introduction: Wash water used for fresh produce can act as a source of contamination due to the widespread distribution of food borne pathogens in
the environment. Commercial disinfectants are not completely effective in killing pathogens on the surface of produce.

Purpose: The overall goal of this project was to develop novel washing treatments using ultra-fine Ozone (UFO) bubbles to reduce the survival of Listeria
monocytogenes on fresh produce (lettuce, celery and apples). In addition, the effect of UFO bubbles on color of aforementioned produce was tested using
Miniscan® XE.

Methods: UFO bubbles were produced using an ozone injected-nanobubble generator system. The generated ozone nanobubble solution was
characterized for size, concentration and oxidation potential. Thereafter, the antimicrobial efficacy of washing (for 1, 3, or 5 min at 25 or 4°C ) with water
containing UFO bubbles against L. monocytogenes on fresh produce was investigated. Experiments had triplicate samples, repeated twice, and analyzed
using ANOVA.

Results: Bubble characterization results indicated that the bubble number in water was approximately 108/ml with size < 200 nm. The dissolved ozone
concentration in UFO bubble water was ~5 ppm at 25°C. Washing of fresh produce with ultra-fine ozone bubble water significantly reduced L. monocyto-
genes load by ~1 to 1.5 log CFU/sample, as early as 1 min of treatment time (P<0.05). No significant increase in efficacy against L. monocytogenes on fresh
produce was observed by increasing the wash time to 5 min (P>0.05). The wash treatment did not affect the color parameters (L, a, b values) of the fresh
produce (P>0.05). No L. monocytogenes was detected in wash water (> 5 log CFU/ml reduction). Experiments investigating the efficacy of UFO bubble water
in reducing the survival of S. enterica and E. coli 0157:H7 on fresh produce are currently underway.

Significance: UFO bubble water could be used for produce decontamination without affecting the color of the product.
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T1-03 Application of Lactic Acid Bacteria Against Shiga-Toxigenic Escherichia coli during Flume Washing of
Leafy Greens

Punya Bule, Kaylee Rumbaugh and Divya Jaroni
Oklahoma State University, Stillwater, OK

0:0 Developing Scientist Entrant

Introduction: In the last two decades, leafy greens contaminated with Shiga toxigenic Escherhicia coli (STEC) have resulted in numerous outbreaks and
recalls. STEC infection in humans could lead to severe health implications: kidney-failure, gastrointestinal-disorders and even death. These could also
result in huge economic losses to the food industry. Lactic acid bacteria (LAB) are well-known for their probiotic properties, however, studies to evaluate
their potential as antimicrobials, during flume washing of leafy greens, are limited.

Purpose: Evaluate LAB against STEC on spinach and romaine.

Methods: Two strains of LAB: Lactobacillus acidophilus C28 (LAC28) and L. reuteri X-18 (LRX-18) were evaluated against STEC 0157, 026, 045, 0103, 0121,
0145, and 0111 on spinach and romaine. Leafy green pieces (approx. 2.5 by 2.5 cm; 1g) were prepared by washing with sterile distilled water and drying
(30 min.). Prepared greens were inoculated with pathogen cocktails (5 log CFU/ml) and pathogen attachment allowed for 1 h. Leafy greens were then
washed (2 min) with LAB treatments (8 log CFU/ml) or PBS (control) and stored (4°C) for three days. Surviving bacterial populations were enumerated on
days 0, 1, and 3 by plating on appropriate medium. Data were analyzed using one-way ANOVA (P<0.05).

Results: On days 0 and 1, pathogen populations on romaine lettuce were reduced by 0.5 and 1 log after treatment with LRX-18 and LAC28, respectively.
On spinach, ~0.8 log reduction was observed with both LAB treatments. On day 3, no noticeable reduction was observed with LRX-18 treatment, but leafy
greens treated with LAC28 showed further reduction (~0.3 log) in STEC populations. Results indicate that both LAB treatments were more effective on
romaine lettuce than on spinach with LAC28 performing better than LRX-18.

Significance: Lactic acid bacteria could be utilized as biocontrol agents in wash water for leafy greens to reduce STEC populations.

T1-04 Efficacy of Lactic Acid Bacteria as Wash-Water Treatments of Leafy Greens Contaminated with
Salmonella enterica Typhimurium

Punya Bule, Kaylee Rumbaugh and Divya Jaroni
Oklahoma State University, Stillwater, OK

o%* Developing Scientist Entrant

Introduction: Consumption of minimally processed leafy greens has increased in the past decade. This has been accompanied with increased food-
borne iliness outbreaks and recalls, with Salmonella enterica as one of the main culprits. Lactic acid bacteria (LAB) have been evaluated for their inhibition
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capabilities against foodborne pathogens. However, limited studies have been conducted on their application as wash-water treatments, to reduce Sa/mo-
nella contamination on leafy-greens.

Purpose: Determine the efficacy of LAB as wash-water treatments of spinach and romaine lettuce contaminated with S. Typhimurium.

Methods: Lactobacillus acidophilus C28 (LAC28) and L. reuteri X-18 (LRX-18) were used as wash-water treatments against S. Typhimurium DT104 (H2662)
on spinach and romaine. Leafy greens (approx. 2.5 by 2.5 cm pieces; 1g) were prepared by washing with sterile distilled water and drying (30 min.). Pre-
pared leafy greens were inoculated with Salmonella (5 log CFU/ml), and pathogen attachment allowed for 1 h. Following inoculation and attachment, spin-
ach and romaine were washed (2 min) with LAB (8 log CFU/mI) or PBS (control) treatments and stored at 4°C for 3 days. Surviving Salmonella populations
were determined on days 0, 1, and 3, by plating on XLD agar. Data were analyzed using one-way ANOVA (P<0.05).

Results: Salmonella Typhimurium populations on romaine lettuce were immediately (day 0) reduced by 0.8 and 0.5 log when treated with LAC28 and
LRX-18, respectively. This reduction was maintained on romaine treated with LAC28, whereas that treated with LRX-18 showed further reduction of ~1
log. On spinach treated with LAC28, a reduction of ~0.6 log was observed on day 3, while an immediate (day 0) reduction in Sa/monella population was
observed on spinach treated with LRX-18, which was maintained over three days. Both LAB treatments were able to reduce pathogen populations on the
leafy greens with better results on romaine lettuce than on spinach

Significance: Lactic acid bacteria could be used to control Sa/monella Typhimurium on leafy greens.

T1-05 Simulation of Elimination and Contamination of Escherichia coli, Listeria monocytogenes, and MNV-1

from the Wash Process When Handling of Potatoes

Hyojin Kwon', Zhaogi Wang', Hyelim Gu', Sumin Hwang', Youngmin Hwang', Jihoon An', Dong-un Lee', Myeong-In Jeong? and
Changsun Choi?
'Chung-Ang University, Anseong, South Korea, >National Institute of Agricultural Sciences, Wanju, South Korea, 3Chung-Ang University, Anseong, Gyeounggi,
South Korea

Introduction: Root vegetables, which are in close contact with soil, are particularly vulnerable to soil contamination or decay as they can be contaminat-
ed from multiple sources including primary production and processing.

Purpose: This study investigated effective washing conditions to reduce the microbial contamination of potatoes using soaking and shaking in the
washing process.

Methods: The reduction of Escherichia coli, Listeria monocytogenes, and murine norovirus (MNV-1) in four washing treatments (soaking only, shaking only,
soaking/shaking, and soaking/shaking/shaking) were compared.

Results: At washing treatment, The MNV-1 titer of potatoes decreased by 1.22 to 1.42 log GC/100 g when soaked in water. The combined treatment
reduced the microbial contamination more efficiently than shaking only. The reduction rate of E. coli in the washing process was higher than for L. monocy-
togenes. The reduction of MNV-1 was similar regardless of shaking or combination treatment.

Significance: Combined treatment (soaking-shaking-shaking) is an appropriate method to reduce all pathogens in washing water. These results can be
used as basic data for scale-up research on the cleaning process of agricultural products.

T1-06 Cross-Transfer of Foodborne Pathogens during Peach Hydrocooling

Isa Maria Reynoso’, Faith Critzer? and Govindaraj Dev Kumar'
"University of Georgia, Griffin, GA, 2Department of Food Science and Technology, University of Georgia, Athens, GA

o3 Developing Scientist Entrant

Introduction: Sanitizers are commonly used to reduce cross-contamination during the post-harvest hydrocooling of produce.

Purpose: The purpose of this study was to evaluate the efficacy of chlorine is reducing transfer of Escherichia coli TVS353 and Listeria monocytogenes
during the hydrocooling of peaches.

Methods: Four rows consisting of 3 peaches/row (n=12) were stacked in two mesh baskets. The top row of peaches was seeded with rifampicin-resistant
E. coli TVS353 (9.6404 log CFU/m) or a five-strain cocktail of L. monocytogenes (9.3401 log CFU/ml) and allowed to dry for 2 h to facilitate attachment. The
population of E. coli TVS353 and L. monocytogenes at the start of hydrocooling was 6.110 and 6.0502 log CFU/g peach, respectively. Peaches were cooled
by pumping (1.4 L/min) chlorinated water (80 ppm free chlorine, 3.2516°C) on to the baskets through a shower head for 1 minute. Sterile deionized water
(SDW) was used to hydrocool the peaches as a comparative control. All peaches and cooling water were aseptically collected for quantification of transfer
of E. coli TVS353 and L. monocytogenes and for three biological and technical replicates. Significant differences were determined using ANOVA.

Results: Hydrocooling using 80 ppm chlorine resulted in a significant reduction in row 1 of peaches by 0.1329 and 1.81.59 log CFU/ml for E. coli TVS353
and L. monocytogenes, respectively (P<0.05). There was no transfer of E. coli TVS353 detected from row 1 downwards. The population of L. monocytogenes
on rows 2, 3 and 4 was 1.298, 1.1063, and 0.999 log CFU/g peach, respectively. Transfer of L. monocytogenes among peaches during hydrocooling was
significantly higher than E. coli TVS353.

Significance: Chlorination of water can significantly reduce cross transfer among peaches during hydrocooling. Future work will evaluate lower inocu-
lum levels and other sanitizers used during hydrocooling.

T1-07 Consumers’ Willingness to Pay for Produce with a Food Safety Label from Small- and Medium-Sized
Farms

Autumn Stoll', Juan Archila-Godinez?, Maria I. Marshall' and Yaohua (Betty) Feng'
'Purdue University, West Lafayette, IN, 2Ohio State University, Columbus, OH

Introduction: Small- and medium-sized farms (SMSF) make up most of the family farms in the U.S. and contribute slightly under half (about 42%) of the
overall production value. Little is known whether the presence of food safety labels and farm size affect consumers’ willingness to pay (WTP) for produce.

Purpose: To identify consumers’ WTP for produce with a food safety label, and their WTP for produce from various sizes of farms.

Methods: We administered an online survey to consumers who purchase bell peppers, fresh kale, and/or fresh spinach. We divided the survey into eight
sections, including a WTP section with four scenarios to purchase produce. Each scenario included farm size, label, and inspection status. We first applied
a Kendall's tau correlation test to assess consumers’ WTP across the scenarios. We then used a discriminant model to assess which variables affected
consumers' differing views on their WTP.

Results: Out of the 914 consumers surveyed, 661 (72.3%) said they are WTP more for produce from SMSFs if the produce has a food safety label
(P<0.001). Additionally, we found a positive correlation between consumers’ WTP for produce with a food safety label from both SMSFs and large farms
(r=0.681) (P<0.001). Based on the discriminant model (P<0.001), we found the following top predictors for consumers’ WTP for produce with a food safety
label from SMSFs: (1) consumers who live with adults over the age of 65 (8 0.64); (2) those who blame government agencies for outbreaks (8 0.63); and (3)
those who characterize produce purchased from SMSFs rather than large-sized farms as helping to sustain local farms (3 -0.831).

Significance: These findings shed light on consumers' decision-making process of produce origin and food safety labels and can support future food
safety policy and education program development for SMSFs.
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T1-08 Population Dynamics of E. coli, Listeria, and Salmonella on Fresh Produce: A Scoping Review

Samantha Bolten’, Alexandra Belias', Kelly A. Weigand?, Magdalena Pajor', Chenhao Qian', Renata Ivanek' and Martin Wiedmann'
"Cornell University, Ithaca, NY, 2Auburn University, Auburn, AL

0:0 Developing Scientist Entrant

Introduction: Collation of the current scope of literature related to population dynamics (i.e., growth, die-off, survival) of foodborne pathogens on fresh
produce can aid in informing future research directions and help stakeholders identify relevant research literature.

Purpose: A scoping review was conducted to gather and synthesize literature relevant to the research question, “What is the available information and
how complete is the information on population dynamics of Escherichia coli, Listeria spp., and Salmonella spp. on unprocessed fresh produce?” Unpro-
cessed fresh produce is defined here as produce not having undergone chopping, cutting, homogenization, irradiation, or pasteurization.

Methods: Literature studies were identified in a comprehensive database search (e.g., PubMed, Web of Science, ProQuest) of records published prior
to September 23, 2021, followed by screening for relevance based on eligibility criteria. Studies (i) available in English that (ii) investigated population dy-
namics of E. coli, Listeria spp., and/or Salmonella spp. on (iii) at least one unprocessed fresh produce commodity, such that (iv) no antimicrobial agents were
applied to produce following inoculation or contamination, were considered eligible for inclusion.

Results: Of the 16,502 records screened, 676 underwent full-text review, and of those a total of 277 studies met all eligibility criteria and were subjected
to an in-depth qualitative review of key study characteristics (e.g., produce commodities evaluated, cultivation practices used, simulated storage condi-
tions, inoculation methodologies). Included studies represented investigations of population dynamics on produce before (i.e., pre-harvest; n=143) and
after (i.e., post-harvest; n=144) harvest. Pre-harvest studies investigating population dynamics of Listeria spp. (n=13) were notably underrepresented com-
pared to Salmonella spp. (n=69) and E. coli (n=93). Additionally, a low frequency of pre-harvest studies reported evaluating microbial population dynamics
on produce grown using hydroponic cultivation practices (n=7).

Significance: These and other knowledge gaps identified in this scoping review represent areas of research that can be further investigated in future
studies.

T1-09 Exposure of Canadians to the Food Safety Risks in Fresh Fruits and Vegetables Evaluated through a
National Consumption Survey

Elisabeth Mantil', Manon Racicot?, Patrick Evans? Tamazight Cherifi, Sylvain Quessy? Julie Arsenault* and Romina Zanabria'
"Canadian Food Inspection Agency, Ottawa, ON, Canada, Canadian Food Inspection Agency, St-Hyacinthe, QC, Canada, 3Université de Montréal, Montreal,
QC, Canada, “Université de Montréal, St-Hyacinthe, QC, Canada

Introduction: When assessing the Canadian microbial health burden associated with food commodities, fresh fruits and vegetables (FFV) represents
the second highest after meat. This information along with other risk factors are used by the Canadian Food Inspection Agency’s Establishment-based Risk
Assessment (ERA)-Food model to evaluate the food safety risk of regulated establishments and allocate inspection resources.

Purpose: Estimate the risk exposure associated to FFV, by quantifying the sub-products’ annual volume consumed by the Canadian adult population.

Methods: An online survey was designed to collect FFV consumption in the past 24 hours prepared at home, by recruiting participants using a propri-
etary interactive voice response and in-house computer-assisted telephone interviewing calls. The survey comprised multiple-choice demographic ques-
tions, and participants were asked to indicate the number of servings consumed and the state of the FFV item (fresh intact or minimally processed). Data
were collected throughout the four seasons (one full year). Soft quotas were applied to ensure sampling was representative of the Canadian population.
Selection frequencies, the average number of servings consumed, standard error of the mean, and the 95 percentile were calculated for all sub-products,
making a distinction based on the item state before consumption.

Results: Over 9,000 surveys were analysed with the proportion of participants being representative of each Canadian province population. About 90% of
participants were between the ages of 27 and 76, covering three generations equally. Consumption patterns were collected for seven categories and 188
FFV sub-categories, highlighting trends like lettuce being the most commonly leafy vegetable consumed (0.30 selection frequency), showing the highest
consumption in the summer (0.67+0.03 servings/day) followed by spinach (0.30+0.04 servings/day) and baby salad greens (0.18+0.02 servings/day).

Significance: These findings provided insight into Canadian consumption patterns specific to FFV and were incorporated into the ERA-Food model to
accurately assess food safety risk.
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T1-10 International Foodborne Outbreaks Attributed to Leafy Green Vegetables, 2000-2021: An Overview
and Descriptive Analysis

Austyn Baumeister, Sydney Jennings, Mariola Mascarenhas and Lisa Waddell
Public Health Agency of Canada, Guelph, ON, Canada

Introduction: The increased availability and production of leafy green vegetables in many convenient forms has resulted in higher numbers of out-
breaks associated with these products over the last two decades.

Purpose: The objective of this report is to examine the characteristics of global foodborne outbreaks attributed to leafy green vegetables from 2000-
2021, providing an overview and insights into their occurrence including the trends and circumstances under which they occur.

Methods: The data for this analysis was extracted from the Public Health Agency of Canada’s Publicly Available International Foodborne Outbreak Data-
base (PAIFOD); a repository of international foodborne outbreak data systematically collected from various sources since 2000. To identify potential leafy
green vegetable outbreaks, a query was run within PAIFOD. Descriptive analysis of outbreak impacts, vehicles and microorganisms, geography, settings,
causative reason, and temporality was performed using Microsoft Excel 2016.

Results: From 2000 thru 2021, 616 outbreaks were identified attributed to either leafy green vegetables (n=237) or leafy green vegetable-based salads
(n=379). Leafy green vegetable outbreaks showed an increasing trend in occurrence and were frequently attributed to highly pathogenic bacteria such as
Escherichia coli (42%). The most commonly implicated food vehicles were unspecified lettuce (38%), romaine lettuce (18%) and leafy greens (17%). The caus-
ative reason was frequently related to contamination at the farming or processing level leading to widespread outbreaks spread through mass distribution
chains. Leafy green vegetable-based salad outbreaks have been stable and were frequently caused by norovirus (67%). The causative reasons for leafy
green vegetable-based salad outbreaks were mostly related to errors in food safety procedures during food preparation.

Significance: A wide range of pathogens were associated with leafy green vegetables, some were common (STEC, Salmonella and norovirus) and others
were only recently associated with leafy green vegetables, underscoring the challenges in mitigating food safety risks along the farm to fork continuum.

T1-11 Transfer Level of Shiga Toxin-Producing Escherichia coli 0157:H7, Salmonella enterica and Listeria
monocytogenes from Growing Media and Seeds to Microgreens

Sefa Isik’, Zeynal Topalcengiz? and Bulent Cetin3
"Mus Alparslan University, Mus, Turkey, 2University of Arkansas, Fayetteville, AR, 3Atatiirk University, Erzurum, Turkey

Introduction: Microgreens are considered as immature seedlings of different type of crops that can be contaminated by various preharvest sources
including growth media, irrigation water, and seeds.

Purpose: The aim of this study was to determine the transfer level of Shiga toxin-producing Escherichia coli 0157:H7 (STEC), Salmonella enterica and
Listeria monocytogenes to the edible part of various type of microgreens from plant growth media-soaked perlite as growth media and seeds.

Methods: Ampicillin (Amp) resistant three-strain cocktails of STEC and Sa/monella and non-resistant L. monocytogenes were inoculated into plant growth
media-soaked perlite as direct soil substitute in low (10%to 103 CFU/g) and high (10°to 10° CFU/g) populations. Twenty species of microgreens were grown in
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inoculated perlite. Also, seeds of five microgreens were inoculated with low and high population of pathogens in similar concentrations before planting. Af-
ter harvest, concentration of pathogens transferred to the edible part of microgreens from contaminated perlite and seeds were enumerated on selective
media. SMAC and XLD supplemented with Amp (100 pg/ml) was used for STEC and Salmonella. PALCAM was preferred for L. monocytogenes.

Results: Pathogen populations transferred to microgreens depended on the pathogen and microgreen type in general. Contamination source and
inoculation level did not affect the transfer level constantly due to rapid population increase of pathogens in growth media. Transfer level of pathogens
from contaminated perlite to microgreens ranged from 1.62+0.18 log CFU/g (the lowest: Salmonella, gin pepper) to 7.23+0.15 log CFU/g (the highest: STEC
0157:H7, radish) (P<0.05). Pathogen populations transferred to microgreens from inoculated seeds grown were between from 2.70+0.15 log CFU/g (the
lowest: L. monocytogenes, pea) and 7.74+0.07 log CFU/g (the highest: STEC, mustard) (P<0.05).

Significance: Plant growth media-soaked perlite as direct soil substitute and seeds can be source of microgreen contamination when introduced with S.
enterica, STEC O157:H7 and L. monocytogenes regardless of inoculation level and type of microgreens.

T1-12 Inactivation of Foodborne Pathogens on Apples through Application of Antimicrobial Waxes

Martha Sanchez-Tamayo, Blanca Ruiz-Llacsahuanga and Faith Critzer
University of Georgia, Athens, GA

Introduction: There is a need for effective postharvest controls capable of effectively inactivating foodborne pathogens which can be applied to organic
as well as conventional fruit.

Purpose: To evaluate the efficacy of natural antimicrobials (essential oils or cultured dextrose) when incorporated into carnauba wax and applied to
organic apples.

Methods: Organic Gala apples were spot inoculated with five strains/serovars cocktail ¢9 log CFU/ml) of Listeria monocytogenes, Salmonella, or Shiga-toxi-
genic E. Coli (STEC). Inoculated apples were coated with organic carnauba wax containing a 1% and 2% (v/v) mixture of essential oils in equal proportions
(oregano, clove bud, cinnamon bark, and coriander) or commercially cultured dextrose at 0.5% (w/v). Apples coated with carnauba wax only and uncoated
apples were used as control treatments. Apples were stored at 20°C and sampled for up to 40 days. Five treatments with three biological replicates and
three samples per replicate were used for each treatment (n=9).

Results: Carnauba wax containing 2% essential oils was the most effective for inactivating target foodborne pathogens inoculated on apples during 40-
day storage at 20°C. This treatment showed 4.03, 2.81, and 1.41 log CFU/apple reduction in L. monocytogenes, Salmonella, and STEC, respectively, compared
to uncoated apples. At the end of the storage period, carnauba wax containing 2% essential oils showed significantly (P<0.05) lower populations of L. mono-
cytogenes and Salmonella compared with 1% essential oils, 0.5% cultured dextrose, or wax-only control. In contrast, there were no significant differences
(P>0.05) for STEC.

Significance: This study provides information to the organic apple industry about the efficacy of antimicrobial waxes to inactivate bacterial foodborne
pathogens. Organic carnauba wax containing 2% essential oils was shown to be significantly more effective than wax-only control; Subsequent research
should evaluate organoleptic and quality attributes to assess fitness for application by the apple industry.

T2-01 Cesin, a Short Natural Variant of Nisin, Displays Potent Antimicrobial Activity Against Major
Foodborne Pathogens Despite Lacking Two C-Terminal Macrocycles Essential for Bioactivity of Full Length
Nisin
Joseph Wambui, Taurai Tasara and Roger Stephan

Institute for Food Safety and Hygiene, Vetsuisse Faculty, University of Zurich, Zurich, Switzerland

0:0 Developing Scientist Entrant

Introduction: Nisin is a widely used lantibiotic owing to its potent antimicrobial activity and its food-grade status. Its mode of action includes cell wall
synthesis inhibition and pore formation, which are attributed to the lipid Il binding and pore forming domains, respectively. We discovered cesin, a short
natural variant of nisin, produced by the psychrophilic anaerobe Clostridium estertheticum. Unlike other natural nisin variants, cesin lacks the two terminal
macrocycles constituting the pore forming domain. The influence of this feature on the potential of cesin a novel food bio preservative is unknown.

Purpose: The current study aimed at elucidating the effect of lacking the essential pore forming domain on the antimicrobial activity of cesin.

Methods: Cesin was heterologously expressed cesin in Lactococcus lactis, and its antimicrobial activity determined using minimum inhibitory concen-
trations and killing assays. Its mode of action was determined using lipid Il and lipoteichoic binding assays and fluorescence microscopy. Stability against
different pH, temperature and enzyme conditions were determined. Comparisons were made against nisin. The functionalities of cesin were improved
through bioengineering.

Results: Cesin demonstrated a broad and potent antimicrobial profile comparable to that of nisin. Its mode of action was linked to lipid Il binding and
electrostatic interactions with teichoic acids. Fluorescence microscopy showed that cesin lacks pore forming ability in its natural form. Stability tests have
shown the lantibiotic is highly stable at different pH values and temperature conditions, but that it can be degraded by trypsin. However, a bioengineered
analogue, cesin R15G, overcame the trypsin degradation, while keeping full antimicrobial activity.

Significance: This study shows that cesin is a novel (small) nisin variant that efficiently kills target bacteria by inhibiting cell wall synthesis without pore
formation. Cesin can therefore be developed as a food biopreservative.

T2-02 Characterization and Application of a Novel, Cold-Robust Phage for Control of SalImonella and Its
Biofilm on Cantaloupe Under Cold Temperature

Su-Hyeon Kim, Heejeong Lee and Mi-Kyung Park
Kyungpook National University, Daegu, South Korea

Introduction: The exposure of cold temperatures for cantaloupe during its washing and storage is inevitable. The stable and persistent efficacy of phag-
es under various temperatures depends on the host's physiological status, which should be ensured for practical and reliable usage.

Purpose: The purpose of this study was to characterize a novel Salmonella phage and its performance on antibiofilm efficacy at cold temperature.
Methods: The specificity and efficiency of plating (EOP) of the phage were evaluated over 10 Sa/monella and 27 non-Salmonella strains at 4, 22, and 37
°C. Genetic analyses were performed to identify its safety and the presence of biofilm-degrading enzymes. Cantaloupe (2 by 2 cm) was submerged into the
S. Typhimurium suspension (10° CFU/ml) and incubated for 48 h at 4 and 22 °C, mimicking its realistic conditions. After confirming the biofilm formation

using SEM, the cantaloupe was dipped into the phage suspension with an MOI of 100 at both temperatures for 2 h. Antibiofilm efficacy of phage was
assessed by XLD plate count method and SEM observation.

Results: The phage could specifically infect five Salmonella strains with a great efficiency (EOP>0.6) at all tested temperatures. Genetic analyses con-
firmed its safety and identified endolysin and two depolymerases in tail protein possessing antibiofilm potential. The initial biofilm population at 22 °C
(~6.5 log CFU/cm?) was significantly greater than that at 4 °C (~4.5 log CFU/cm?) (P<0.05), implying the cold effect on Salmonella. After phage treatment, it
reduced almost of the biofilm at 4 °C (~4.4 log CFU/cm?), which was significantly greater than at 22 °C (~2.6 log CFU/cm?) (P<0.05). SEM observation also
revealed the more effective destruction of cohesive and dense biofilm architecture on cantaloupe at 4 °C.

Significance: This study demonstrated the practical performance of the phage for controlling Sa/monella and its biofilm on fresh produce under simulat-
ed cold condition.
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T2-03 Expression of Broad-Spectrum Endolysin-1252 in Controlling Multiple Serovars of Salmonella
enterica

Chuan Wei Tung, Zabdiel Alvarado-Martinez, Zajeba Tabashsum, Dita Julianingsih and Debabrata Biswas
University of Maryland-College Park, College Park, MD

0:0 Developing Scientist Entrant

Introduction: Salmonella enterica is the most common foodborne pathogen worldwide that causes a large number of hospitalizations, death as well
as significant economic loss. Further, due to the overuse of antibiotics, the incidence of multiple antibiotic-resistant S. enterica has been growing rapidly,
which warns as a serious healthcare crisis, specifically the shrinking effects of antibiotic therapeutic options. Recent studies show that endolysin from
bacteriophages could be a promising alternative to replace antibiotics and/or control colonization of S. enterica in the reservoir.

Purpose: To generate a recombinant beneficial bacterial strain by expressing endolysin, which was isolated from novel bacteriophage-1252 that showed
a lytic effect against multiple serovars of S. enterica, specifically Typhimurium and Enteritidis.

Methods: A novel bacteriophage-1252 was isolated, sequenced, and annotated to identify genes encoding for endolysin named Endolysin-1252. Endo-
lysin-1252 was predicted to possess transglycosylase activity with 240 amino acid residue sequence. His-tagged recombinant endolysin-1252 was encoded
and amplified by lytic Salmonella bacteriophage-1252 and was obtained by prokaryotic expression using quantitative PCR measuring. Finally, endoly-
sin-1252 was purified by Ni-NTA chromatography and characterized its phenotypic characteristics and lytic ability against various serovars of S. enterica.

Results: A broad-spectrum endolysin-1252 was successfully expressed in BL21 (DE3) Escherichia coli. The qRT-PCR assays confirmed the expression (1.6
folds) of this gene. Using Ni-NTA chromatography, we also verified the molecular weight of Ni-NTA chromatography of the endolysin. Biological effects,
including growth inhibitory effectiveness against multiple serovars of S. enterica and reduction of their interaction (adherence and invasion) with host (INT-
407) cells, of this endolysin showed promising outcomes in controlling multiple serovars of S. enterica.

Significance: These findings indicate that this broad-spectrum endolysin-1252 could be a promising alternative to conventional antibiotics in controlling
the colonization of multiple serovars S. enterica.

T2-04 Antimicrobial Activity and Identification of Genome-Related Bacteriocin of Lactobacillus gasseri
SMFM2021-S6 Isolated from Infant Feces

Jei Oh’, Yeongeun Seo? and Yohan Yoon?
'Sookmyung Women’s University, Seoul, South Korea, 2Risk Analysis Research Center, Sookmyung Women’s University, Seoul, South Korea, >Department of
Food and Nutrition, Sookmyung Women'’s University, Seoul, South Korea

Introduction: Antimicrobial activity of probioitcs appears through competitive intestinal adhesion with intestinal pathogens, or metabolites produced
by the probiotics. Lactobacillus gasseri, one of the dominant species inhabiting in infant gut, was found to have antimicrobial activity against foodborne
pathogens.

Purpose: The objective of this study was to evaluate the antimicrobial activity of Lactobacillus gasseri SMFM2021-S6 isolated from infant feces and to
analyze its whole genome sequence.

Methods: L. gasseri SMFM2021-S6 was isolated from infant feces and identified with its 16s rRNA sequence. L. gasseri SMFM2021-S6 and Lactobacillus
rhamnosus GG (positive control) were spot inoculated on de Man Rogosa agar at 8 Log CFU/mL, and they were incubated at 37°C for 24h. Two mixtures of
foodborne pathogens (Bacillus cereus strains NCCP14043, NCCP14796, NCCP15909, NCCP15910 and NCCP16296, and Escherichia coli strains NCCP14043,
NCCP14796, NCCP15909, NCCP15910 and NCCP16296) inoculated in brain heart infusion agar at 6 log CFU/ml were overlaid over the spots of Lactobacillus
strains. The plates were incubated at 30°C for 24 h for Bacillus cereus, and 37°C for 24 h for Escherichia coli strains. The sizes of the clear zones were even-
tually measured. The whole genome sequence of L. gasseri SMFM2021-S6 were obtained and analyzed for the annotation.

Results: L. gasseri SMFM2021-S6 was new probiotic strain and had the high antimicrobial activities to B. cereus (7.71+1.29mm) and E. coli
(10.08+1.53mm), which showed no significant difference with the positive control. In addition, L. gasseri SMFM2021-S6 genome has four areas of interest,
which encode bacteriocins such as acidocin B, bacteriocin_LS2chainb, helveticin ], and gassericin T.

Significance: These results indicate that L. gasseri SMFM2021-S6 can be assumed to have antimicrobial activities, and the antimicrobial activities can be
induced by bacteriocin productions.
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T2-05 Evaluation of the Effect of Different Antimicrobials on the Quality and Shelf Life of Ready-to-Eat
Hummus

Layal Karam', Patricia Dahdah? Fatma Ghonim', Grace Attieh' and Tareq Osaili®
'Qatar University, Doha, Qatar, University of Sassari, Sassari, Italy, 3University of Sharjah, Sharjah, United Arab Emirates

Introduction: The consumption of RTE food had significantly increased over the past years to meet a healthier and fast-paced lifestyle. Hummus is a
very popular Mediterranean RTE food with growing popularity worldwide. However, hummus is susceptible to microbial contamination and microbial
growth that limit its quality and shelf-life.

Purpose: For this purpose, the present study compared the use of several antimicrobials alone or in combination for hummus preservation.

Methods: The chemical preservative potassium sorbate 0.09% (S) was evaluated along with three natural antimicrobials: Garlic 1.25% (G); Vinegar 5% (V);
Natamycin 0.002 % (N); or their combination: Garlic 1.25% -Vinegar 5% (GV); Vinegar 5% -Natamycin 0.002 % (VN); Garlic 1.25% -Natamycin 0.002 % (GN);
and Garlic 1.25% -Vinegar 5% -Natamycin 0.002 % (GVN) to increase the shelf-life of hummus during storage (4° C). Thymol and carvacrol mixture 0.2% (O)
was also assessed to preserve and develop a new oregano-flavored hummus.

Results: All treatments that included vinegar used alone or in combination had significantly higher antimicrobial effectiveness against total aerobic
counts (TAC), Pseudomonas spp., and lactic acid bacteria (LAB) than the other treatments. GVN combination showed the highest antimicrobial efficiency
against the three former microorganisms. According to TAC, the shelf life of C, S, N, G, GN, and O was ca. 19 days, compared to an extended one of ca. 25
days for V and VN, and ca. 30 days for GV and GVN. Yeasts and molds were not detected in the treated samples. Sensory analysis showed the highest ac-
ceptability for C, N, S, V, and VN, followed by GV and GVN and the lowest one was for G, GN and finally O. The combination of garlic with vinegar improved
the sensorial acceptability of treatments containing garlic.

Significance: The findings provide a potential natural method for hummus preservation and shelf-life extension.

T2-06 Application of Lactic Acid Bacteria Biofilms to Prevent or Remove Salmonella enterica Biofilms

Kaylee Rumbaugh, Punya Bule and Divya Jaroni
Oklahoma State University, Stillwater, OK

0:0 Developing Scientist Entrant

Introduction: Salmonella is a common human pathogen, causing multiple foodborne outbreaks and recalls. It can form biofilms on food-contact sur-
faces, allowing it to survive decontamination treatments. Development of antimicrobials that could inhibit these biofilms and the pathogen, are therefore
needed. Lactic acid bacteria (LAB) are known to inhibit Sa/monella spp., however, limited studies exist on the efficacy of LAB biofilms against Salmonella
biofilms.

Purpose: Evaluate LAB biofilms to inhibit biofilms of Salmonella enterica Typhimurium DT104.

Methods: Using the agar-spot-test, 65 LAB strains were first evaluated for inhibition against four S. enterica Typhimurium DT104 (H2662, 152N17-1,
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13068A, 11942A) strains. Biofilms of LAB strains that showed excellent inhibition (zones>10 mm) were further tested against pathogenic biofilms. LAB
(1x108 CFU/ml) were allowed to form biofilms in 96-well plates (48 h @ 37/42°C ; anaerobic incubation), before (preventive) or after (corrective) the forma-
tion of S. enterica biofilms. Salmonella strains were grown to achieve an OD (A, ) of ~1x10° CFU/ml prior to forming biofilms (48 h @ 37°C). Disruption of
pathogen-biofilms was determined by measuring absorbance (A.,.), while S. enterica populations were determined by enumerating on XLD-agar. Data were
analyzed using one-way ANOVA (P<0.05).

Results: Of the 65 strains, 67% showed excellent (>15 mm), 25% very good (>10 mm), and 8% good (>5 mm) inhibition against S. enterica Typhimurium.
In preventive treatments, L. animalis and L. bulgaricus biofilms were the most effective (P<0.05), reducing pathogen populations to undetectable levels
(control=7.8 logs), followed by other LAB (2.8 to 6.2 logs reduction). In corrective treatments, majority (83%) of LAB biofilms reduced pathogen populations
(control: 8.4 logs) to undetectable levels, while the other LAB biofilms achieved up to 6.4 logs reduction in Salmonella populations. The LAB biofilms were
more effective in reducing S. enterica Typhimurium biofilms as corrective than preventive treatments.

Significance: Biofilms of LAB can be used effectively to reduce S. enterica Typhimurium and their biofilms.

595

T2-07 The Antibacterial Activity of Hemp (Cannabis sativa sp)Extract Embedded PVA Nanofibers Against
Listeria monocytogenes and Salmonella enterica (spp) on Chicken Breast Meat

Aaron Dudley’, Lamin Kassama', Armitra Jackson-Davis?, Xianyan Kuang’', Ernst Cebert', Joongmin Shin® and Zhigang Xiao*
'Alabama A&M University, Normal, AL, 2Alabama A&M University, Madison, AL, *California Polytechnical University, San Luis Obispo, CA, “Alabama A&M
University, normal, AL

o3 Developing Scientist Entrant

Requested Changes:

Methods: In this study, Hemp extract was encapsulated into polyvinyl alcohol (PVA) electrospun fibers at different concentrations (0%, 5%, 7%, and 9%
v/v) and electrospun with the Fluidnatek Electrospinning. The physicochemical properties of the electrospun nanofibers were characterized with FTIR.
Antimicrobial activity was conducted after nanoencapsulation with hemp extract. Invitro assessment was conducted by broth tube immersion of the
nanofibers and in-situ evaluation was conducted by wrapping 10g cuboids, SE inoculated (~107 CFU/mL), chicken tenderloin breast meat in the nanofiber
and storing them at 4°C and 25°C. 4°C was used because chicken is stored at this temperature during transport, storage, and home use and used to assess
nanofiber performance under this temperature condition. 25°C was an accelerated condition to evaluate nanofiber antimicrobial performance under
exaggerated temperature conditions. All treatments were analyzed in triplicate, and statistical significance was tested at 5%.

T2-08 Vapor Phase Antimicrobial Activity of Unencapsulated and Encapsulated Native Australian
Essential Oils Against Foodborne Microbes

Agnes Mukurumbira’', Snehal Jadhav', Robert Shellie?, Russell Keast' and Enzo Palombo?®
'Deakin University, Melbourne, VIC, Australia, 2University of Tasmania, Hobart, TAS, Australia, 3Swinburne University of Technology, Melbourne, VIC, Australia

0:0 Developing Scientist Entrant

Introduction: Food spoilage and pathogenic microorganisms are a persistent problem in the food industry, hence the need to explore alternative anti-
microbial agents such as essential oils.

Purpose: Essential oils are volatiles, yet their vapor phase antimicrobial activity is underexplored; therefore, this study investigated the in vitro liquid and
vapor phase antimicrobial activity of non-encapsulated and encapsulated Tasmanian mountain pepper (Tasmannia lanceolata) and lemon myrtle (Backhou-
sia citriodora) essential oils against foodborne microbes.

Methods: The minimum inhibitory concentration of the essential oils in liquid and vapor was determined against a panel of eleven foodborne pathogen-
ic and spoilage microbes using broth microdilution and vapor phase MIC assay. The chemical composition of liquid and vapor phases was studied using
GC-MS and headspace Solid phase microextraction (SPME). Oils exhibiting potent antimicrobial activity in liquid and vapor phases were encapsulated in
food-grade lipids to create nanostructured lipid carriers using high-pressure homogenization. Morphology, size, and stability of the encapsulated EO’s
were characterized using Cryo-Transmission electron microscopy, dynamic light scattering and turbiscanning respectively.

Results: In the liquid phase, the oils had comparable MICs (0.097- 0.390 % v/v) against Gram-positive bacteria, however, lemon myrtle was more effec-
tive against Gram-negative bacteria. In the vapor phase, lemon myrtle and Tasmanian mountain pepper inhibited nine and three out of the 11 microbes
tested, respectively. Although the liquid phase activity was higher than the volatile phase, volatiles of the oils were more effective against the fungal spe-
cies tested thus emphasizing their potential as alternative vapor phase antifungals. The major compounds in lemon myrtle were Z-citral and E-citral and
polygodial in Tasmanian mountain pepper. The essential oil containing nanostructured lipid carriers were antimicrobial, < 200nm in size, showing stability
at 2, 25 and 37 °C over 90 days.

Significance: Essential oils are promising alternative antimicrobial agents in both in liquid and vapour phases for food and food packaging applications.

T2-09 Nmca Carbapenemase-Producing Enterobacter ludwigii C1 from Carrots

Sun Hee Moon', Xinhui Li?, Xu Yang?, Erin DiCaprio* and En Huang’
"University of Arkansas for Medical Sciences, Little Rock, AR, University of Wisconsin-La Crosse, La Crosse, Wi, 3Cal Poly Pomona, Pomona, CA, “University of
California Davis, Davis, CA

Introduction: Antibiotic resistance is an increasing challenge to public health globally. Carbapenems, which are considered the most effective beta-lac-
tam antibiotics, are essential for the management of difficult-to-treat bacterial infections. Food products, including fresh vegetables, may serve as carriers
for antibiotic-resistant bacteria.

Purpose: The purpose of the study was to characterize a carbapenem-resistant bacterium from a retail sample of carrots.

Methods: The strain was isolated from carrots using CHROMagar mSuperCARBA after an enrichment in buffered peptone water (BPW) and a selective
enrichment in Enterobacteriaceae Enrichment Broth (EEB). Antibiotic resistance phenotype was tested using the standard disk diffusion method according
to the Clinical and Laboratory Standards Institute protocols. The presence and the type of carbapenemase was tested using the mCIM/eCIM procedures.
The whole genome of the new isolate was sequenced using lllumina NextSeq. After genome assembly, the species was identified by Ribosomal Multilocus
Sequence Typing (rMLST). Multi-locus sequence typing (MLST) was carried out using the online PubMLST program. Antibiotic resistance genes were identi-
fied using the Resistance Gene Identifier (RGI) software and the Comprehensive Antibiotic Resistance Database (CARD).

Results: The new isolate C1 was resistant to multiple antibiotics, including ampicillin, amoxicillin-clavulanate, and imipenem. The strain showed positive
mCIM and negative eCIM results, indicating the production of a serine-type carbapenemase. The isolate belongs to sequence type ST 748 and was identi-
fied as Enterobacter ludwigii C1. Genes encoding NmcA carbapenemase, AmpC beta-lactamase, fosfomycin resistance (FosA2), and antibiotic efflux pumps
were identified in the genome.

Significance: E. ludwigii is of clinical relevance and has been isolated from patients. Antibiotic-resistant E. ludwigii may pose a potential risk to human
health. To the best of our knowledge, this is the first report about the isolation and characterization of a carbapenem-resistant E. ludwigii from fresh vege-
tables.

38 IAFP Annual Meeting Abstracts



72-10 - 13-01

T2-10 Poultry Industry-Wide Surveillance of Antimicrobial Use and Antimicrobial Resistance; Impacts of
the Antimicrobial Use Reduction Strategy

Agnes Agunos', Sheryl Gow?, Anne E. Deckert’, Audrey Charlebois® and Richard Reid-Smith’
"Public Health Agency of Canada, Guelph, ON, Canada, *Public Health Agency of Canada, Regina, SK, Canada, 3Public Health Agency of Canada, St.
Hyacinthe, QC, Canada

Introduction: The Canadian Integrated Program for Antimicrobial Resistance Surveillance (CIPARS) monitors antimicrobial use (AMU) and antimicrobial
resistance (AMR) in broiler chicken and turkey flocks and conducted pilot surveillance in layer hens. These meat and egg producing poultry are essential to
Canada'’s food system. Surveillance of AMU and AMR are critical to the safety of animals raised for human consumption in Canada and fulfills the national
and global directives to contain AMR. In parallel, the poultry industry has implemented a voluntary policy to limit AMU to reduce AMR associated with
poultry products.

Purpose: To assess AMR trends in Salmonella, E. coli and Campylobacter from farms and abattoirs (2017-2021) in relation to the industry-wide voluntary
policy eliminating the prophylactic use of antimicrobials.

Methods: CIPARS collects AMU, farm-level demographic data and samples through a network of veterinarians and producers. Healthy chickens are also
sampled at the abattoir to complement the farm-level results. Microbroth dilution was used to susceptibility test recovered bacteria. Descriptive statistics
for AMU/AMR and animal health were generated.

Results: The percentage of flocks exposed to medically important antimicrobials decreased (Broilers: n=665 flocks, 82% to 66%, Turkeys: n=438, 83% to
29%). The quantity of antimicrobials (milligrams/kg animal biomass) decreased during the surveillance timeframe by 8% and 17% in broiler chickens and
turkeys, respectively. Limited layer flocks (n=10/74) used antimicrobials. In parallel, various AMR measurements trended downwards, notably, the % resis-
tance to = 3 antimicrobial classes in E. coli (Broilers: 39% to 19%, Turkeys: 39% to 12%), and sustained low level resistance to third generation cephalospo-
rin (<5% in both species). In layers, 70% of the isolates were susceptible to all antimicrobials in the panel.

Significance: Surveillance and monitoring of AMU and AMR are essential in monitoring AMR risks from food animals. Reduction in AMU/AMR indicates
success of the industry action to contain AMR.

T2-11 Prevalence and Distribution of Antimicrobial-Resistant Bacteria in Brazilian Food Animal
Production

Luis Augusto Nero', Rafaela de Melo Tavares', Milimani Andretta’, Jhennifer Arruda Schmiedt?, Sarah Duarte?, Aryele Nunes da Cruz
Encide Sampaio?, Sthéfany da Cunha Dias?, Leticia Roberta Martins Costa?, Yago Fernandes Nascimento?, Eric Hiroyoshi Ossugui4,
Weslley Domenicici Freitas®, Graciela V6lz Lopes*, Marcus Vinicius Coutinho Cossi®, Fernanda Simone Marks', Juliano Gongalves
Pereira3, Wladimir Padilha Silva*, Ricardo Seiti Yamatogi', Luciano dos Santos Bersot? and Douglas Call®
"Universidade Federal de Vicosa, Vicosa, Brazil, 2Universidade Federal do Parand, Palotina, Brazil, 3Universidade Estadual Paulista, Botucatu, Brazil,
4Universidade Federal de Pelotas, Pelotas, Brazil, *Universidade Federal de Uberléndia, Uberldndia, Brazil, *Washington State University, Pullman, WA

Introduction: Antimicrobial resistance is a worldwide concern and food animal production likely contributes to the increasing prevalence and distribu-
tion of resistant bacteria.

Purpose: We aimed to characterize the prevalence and distribution of antimicrobial-resistant bacteria in different Brazilian food production chains.
Methods: Fourteen food animal facilities (beef, pork, poultry, dairy and fish), from five Brazilian states (Minas Gerais, Sdo Paulo, Mato Grosso do Sul,
Parana and Rio Grande do Sul) were visited to collect samples from animal feces, facility surfaces, animal water, animal carcasses, raw milk, end products,

and worker feces (n=5,470 samples). Samples were streaked onto MacConkey agar and incubated at 37°C for 24 h. Isolates identified as Escherichia coli
by biochemical test (n=7,630 isolates) were subjected to agar dilution assays to characterize their resistance to six antibiotics: amoxicillin (AMO, 8 pg/ml),
ceftiofur (CEF, 8 pg/ml), ciprofloxacin (CIP, 1 pg/ml), chloramphenicol (CHL, 32 pg/ml), trimethoprim-sulfamethoxazole (SXT, 4/76 pg/ml) and tetracycline
(TET, 16 pg/ml). Isolates with resistance to at least three antibiotics were considered as multidrug resistant (MDR).

Results: The prevalence of antimicrobial resistance was <15.0% for dairy and fish production. This was also the case for beef production except for a
higher prevalence of AMO resistance for environmental and food samples (57.1% and 42.4%, respectively). Higher frequencies of resistance were observed
for poultry isolates, especially from animal, environment and carcasses for SXT and TET (>40.0%). Isolates from pork presented the highest prevalence
of antimicrobial resistance, especially for AMO, CHL, SXT and TET for all samples (16.0 to 83.0%). MDR was most common from pork (33.8 to 71.6%) and
poultry (9.0 to 42.6%) isolates.

Significance: Pork and poultry production chains in Brazil may play an important role in the maintenance and dissemination of antimicrobial-resistant
bacteria. Acknowledgments: CAPES, CNPq, FAPEMIG and FUNARBE.
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T2-12 Probiotic Bacteria to Reducing Antibiotic-Resistant Bacteria Transferred from Food Animals by
Changes in Intestinal Flora

Yoonjeong Yoo', YoungHyun Cho?, Jinho Cho®* and Yohan Yoon*
'Sookmyung Women'’s University, Seoul, South Korea, 2Sookmyung women'’s university, Seoul, South Korea, 3Chungbuk National University, Chengju, South
Korea, “Department of Food and Nutrition, Sookmyung Women'’s University, Seoul, South Korea

Introduction: Abuse of antibiotics has increased antibiotic resistant pathogens in food, especially from food animals. Probiotics are increasingly being
utilized as an alternative to antibiotics, because they can help improve the immunity by regulating the intestinal flora.

Purpose: The purpose of this study was to examine the effect of probiotic bacteria strains on increasing beneficial bacteria and diversity in gut microbio-
ta and immune response in pigs.

Methods: A total of 60 weaning pigs at 4 weeks of age were fed either a basal diet[NC (negative control)] or a diet supplemented with probiotics [PC
(positive control), commercial probiotics Lactobacillus plantarum LA; K, Pediococcus acidilactici K; WK1, Pediococcus pentosaceus SMFM2016-WK1; K-WK1, mix
of P. acidilactici K and P. pentosaceus SMFM2016-WK?1) for 4 weeks. Metagenome analysis was performed through Illumina 16S metagenomic sequencing to
confirm intestinal microbial changes, and ELISA assay was performed to analyze cytokine (TNF-q, IL-12, IL-4, and IL-10) levels in serum.

Results: As a result of metagenome analysis, the microbial diversity and richness (Shannon index and Chao 1) of the PC and WK1 groups were higher
than those of the other groups. The PC and WK1 groups had low dispersion, indicating that the similarity of the intestinal microflora between the experi-
mental groups was greater than that of the other groups, according to the S-diversity analysis. In genus level, the ratios of butyric acid-producing bacteria
Roseburia and Eubacterium was significantly higher (p<0.05) in the WK1 group than in the NC group. The level of pro-inflammatory (TNF- a, and IL-12) and
anti-inflammatory (IL-4, and IL-10) cytokines of the PC and WK1 groups were similar to the NC group.

Significance: P. pentosaceus SMFM2016-WK1 can help increase beneficial intestinal flora and the diversity of intestinal flora, improving the immunity of
pigs. Thus, it may decrease the use of antibiotics, reducing antibiotic-resistant bacteria from food animals.

T3-01 The Fate of Quinolizidine Alkaloids during the Processing of Lupins (Lupinus spp.) for Human
Consumption

Sofie Schryvers’, Chinaza Arinzechukwu?, Mia Eeckhout', Bram Miserez? and Liesbeth Jacxsens'
'Ghent University, Ghent, Belgium, 2University of Guelph, Guelph, ON, Canada, *Primoris, Ghent, Belgium

Introduction: Lupin, a protein-rich grain legume, and products thereof are becoming increasingly important in our diets. However, variable and high
concentrations of quinolizidine alkaloids (QAs) may hamper this evolution.
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Purpose: This study assessed the fate of QAs when processing Lupinus albus seeds and lupin-based foods, to give a first indication of the food industry’s
ability to sufficiently reduce the QA concentration.

Methods: Typical unit processes, including toasting and dehulling, and the production of relevant food products, sterilized jarred lupins, cookies, chips
and pasta, were simulated in duplicate on lab-scale. A quantitative determination of five QAs, i.e. sparteine, lupanine, lupinine, 13-hydroxylupanine and
angustifoline, and qualitative screening of other relevant QAs, in the derived fractions and lupin-based foods, was performed with a validated UHPLC-MS/
MS method and -HRMS method, respectively.

Results: Quinolizidine alkaloids are concentrated in the kernel of the seeds. As such, while a physical unit process such as dehulling will produce a
protein-enriched fraction, the QA content will be enriched simultaneously. Furthermore, the depletion of QAs can be attributed to the leaching in cooking
water. The production process of sterilized lupin beans depleted the QA content with over 60%, and the boiling of pasta confirmed that QA loss is caused
entirely by the leaching of compounds into the cooking water, rather than a heat-induced degradation. Other heat treatments, including baking (dry) and
frying (oil), had limited effect on the alkaloid concentration, indicating that QAs are heat-stable molecules.

Significance: These results are relevant in the ongoing search of the food industry for plant-based protein-rich foods and should be considered during
the process of product development of innovative foods. These results are also of significant value for risk managers. As it will be important to set limits to
protect consumers from a too high exposure to QAs, in case the consumption of these lupin-based foods increases.

T3-02 Evaluation of Gluten Protein Profiles in Hydrolyzed Food Products by a Multiplex-Competitive
ELISA

Rakhi Panda and Marc Boyer
FDA, College Park, MD

Introduction: Hydrolyzed foods and ingredients represent a small but important category that falls under the gluten-free regulation issued by FDA in
2020. Information is lacking on how hydrolysis affects different gluten proteins and the overall gluten protein/peptide profiles of hydrolyzed foods.

Purpose: Gluten protein/peptide profiles of several hydrolyzed food products were evaluated. The goal is to use the analysis results in the selection of
appropriate calibrants for accurate quantitation of gluten in hydrolyzed food products.

Methods: The gluten protein/peptide profiles of 47 gluten-containing hydrolyzed foods (barley malt, sprouted wheat, hydrolyzed wheat proteins (HWP),
sprouted rye, and sprouted barley) were evaluated using a multiplex-competitive ELISA. Cluster analysis was conducted to evaluate similarities or differ-
ences in gluten protein/peptide profiles among the hydrolyzed foods, and their similarities or differences with fermented foods analyzed previously by the
ELISA. The suitability of a recently developed gluten-incurred yogurt calibrant for analyzing different fermented and hydrolyzed food products was also
evaluated by cluster analysis. Clusters with AU (approximately unbiased) P>0.95 represented significant clusters and indicated products with similar gluten
protein/peptide profiles.

Results: The apparent gluten concentration values of hydrolyzed foods ranged between 1-140,000 pg/mL depending on the type of foods analyzed, and
the antibodies used. The gluten protein/peptide profiles, derived from the apparent gluten concentration values, mainly depended on the grain source
(wheat, rye, or barley) of gluten. Some hydrolyzed foods presented profiles similar to fermented foods (e.g., barley malt and gluten reduced barley beers),
whereas others presented unique profiles (e.g., HWP and sprouted wheat). Gluten incurred yogurts presented profiles similar to only wheat containing
fermented and hydrolyzed food products tested (wheat beers, sourdough breads, sprouted wheat and HWP).

Significance: Grain specific calibrants are essential for accurate quantitation of gluten in certain hydrolyzed or fermented foods. While not suitable for
the barley- or rye-containing foods tested, gluten-incurred yogurt calibrant showed promise for possible use in the quantitation of several wheat-contain-
ing fermented and hydrolyzed foods.

T3-03 Case Study on Novel Methodology for the Detection of Acrylamide in Food, Beverages and Water at
the Point-of-Need Using the Micrylamid System

Alex Chapman, Victoria Ordsmith, Adam Dempsey and Thomas R Sutton
Microsaic Systems PLC, Woking, Surrey, United Kingdom

Introduction: Acrylamide levels in food are of increasing concern due to carcinogenic and neurotoxic properties. Acrylamide forms in foods during the
Maillard reaction at temperatures above 120°¢ Current methods for detection of acrylamide are laborious and time-consuming. Point-of-need analysis
brings the lab to the production facility, providing a quicker and easier method for the analysis of acrylamide.

Purpose: Case study on novel methodology for the detection of acrylamide in food, beverages and water at the point-of-need.

Methods: The MicrylaMiD system (Online-SPE-LC coupled with MS, Microsaic 4500 MiD®) was used for the analysis of acrylamide in samples such as
coffee, crisps, and water. Acrylamide is concentrated using an activated carbon SPE cartridge and separated using a polar-C,,LC column. Minimal sample
preparation is required, and low volumes needed (2 to 5 ml). Custom software capabilities create a fully integrated system that simplifies the interface for
end users making it easy to use for non-experts, with result turnaround times of <10 minutes. Acrylamide standards are used for a calibration range of 0.5
to 800 ppb, in accordance with limits set in EU Regulation 2017/2158.

Results: This technique provides quick and easy quantification of acrylamide in food samples down to 0.5 ppb. The portability of the equipment enables
it to be placed in a production facility or mobile van, reducing the pressure on a centralised testing laboratory.

Significance: The method enables acrylamide levels to be quantified at the point-of-need with a mobile system, producing quicker results that will
ensure production is more easily monitored. Allowing for quicker mitigation of acrylamide production, this leads to a decrease in down-time in production
with an instant impact on lowering acrylamide levels.

T3-04 Accumulation-Depuration Potential and Natural Occurrence of Microcystin-LR Toxin in Basil

Wannes Hugo R. Van Hassel', Mohamed Fathi Abdallah?, Maria Garcia Guzman Valesquez?, Christopher O. Miles?, Ingunn A. Samdal4,
Julien Masquelier', Mirjana Andjelkovic’ and Andreja Rajkovic?
'Sciensano, Tervuren, Belgium, 2Ghent University, Ghent, Belgium, 3National Research Council Canada, Halifax, NS, Canada, “Norwegian Veterinary Institute,
Oslo, Norway

Introduction: Accumulation of hepatotoxic cyanobacterial toxins, like microcystin-LR (MC-LR), in edible crops through irrigation with contaminated water
can result in human health risks.

Purpose: To assess the accumulation and depuration potential of MC-LR in basil under an optimized laboratory condition and to quantify its natural
occurrence in basil plant samples collected from different markets in Belgium.

Methods: Basil plants in hydroculture were exposed to 5, 10 or 50 pg L' MC-LR for seven days. The depuration process was assessed by transferring
plants to uncontaminated Hoagland solution for another seven days. Moreover, 50 basil products were collected from the Belgian markets. Basil leaves
(lab and market) and roots (lab only) were analyzed using a validated UHPLC-MS/MS-based method to quantify MC-LR. ELISA and HRMS-techniques were
applied to verify MC-LR presence in accumulation and depuration samples.

Results: Concentration dependent accumulation of MC-LR was observed in both basil leaves and roots, reaching for the highest treatment condition up
to 87.90 pg kg and 143.80 pg kg, respectively. The basil roots accumulated more toxin compared to the leaves. Depuration was observed for all treat-
ment conditions in both roots and leaves. At least six replicates were included and the whole experiment was repeated two times. These results were cor-
roborated by both the ELISA and HRLCMS at the highest treatment condition. Moreover, MC-LR was detected below LOQ (1 pg kg') in one market sample.

Significance: These results show the potential of basil to accumulate MC-LR from irrigation water, potentially resulting in human exposure to high levels
of toxin. For the first time in Belgium, MC-LR was also detected in a vegetable from the market, showing human exposure through vegetables is already a
reality.

This study is financially supported by FPS Public Health, Safety of the Food Chain and Environment (SP 21/5 CYANTIR 1) and the EU Imptox project
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(Grant agreement 965173).

T3-05 Chemical Safety of Infant Formulas in Lebanon: A First-of-Its-Kind Study from the Arab World

Hussein F. Hassan, Jomana Aridi and Hani Dimassi
Lebanese American University, Beirut, Lebanon

Introduction: Infant formula is a common source of food and nutrition for many infants and toddlers. However, the presence of contaminants may
pose increased health risks to infants.

Purpose: A first of its kind investigation of the total concentrations of the metals and mycotoxins in infant formulae marketed in Lebanon was per-
formed.

Methods: Toxic metals (Al, Ba, Cr, Pb, Cd and As) were analyzed with ICPMS, and mycotoxins (AFM1 and OTA) were analyzed using ELISA.

Results: As, Pb and Cd were observed in 59%, 8% and 10% of brands, respectively. Contamination levels were 31.0-1040 pg/kg, 38.0-476 pg/kg and
12.0-251 pg/kg, respectively. There was no significant difference (P<0.05) based on packaging, types, and classification. Samples which contained detect-
able levels of Pb, Cd and As had higher concentrations of these metals compared to breast milk, and infants have a higher average weekly intake of these
metals through infant formula. On the other hand, all brands contained detectable concentrations of Al and Ba, Cr was detected in 95% of brands. Ranges
were 0.080-7.93 (Al), 0.038-5.35 (Ba), and 0.041-0.348 (Cr) pg/g. A significant difference in the mean concentrations of Al, Ba, and Cr for the two produc-
tion dates of a single brand was observed in 92, 59, and 83% of samples, respectively. For mycotoxins, mean (+SD) of AFM1 and OTA concentrations were
20.1+1.3 ng/kg and 0.37+0.10 pg/kg, respectively. 13 (31%) and 14 (33%) brands had an average level above EC limit for AFM1 and OTA, respectively. There
was a significant (P<0.05) difference between production dates for AFM1, but not for OTA. No significant (P<0.05) difference was found between fall/winter
and spring/summer for both mycotoxins.

Significance: Our study provides the first publicly available information on metal contamination in infant formulas in the region and reveals the need
for frequent monitoring and surveillance of these products.

T3-06 Acrylamide Reduction via Asparaginases in Cookies Can be Improved Depending on Baking
Conditions and Incubation Temperature

Shpresa Musa and Katharina Scherf
Department of Bioactive and Functional Food Chemistry, Institute of Applied Biosciences, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

0:0 Developing Scientist Entrant

Introduction: In heated food, the Maillard reaction between asparagine and a carbonyl source can result in formation of acrylamide (AA), which is a
toxic and probably human carcinogenic molecule. Due to high levels of free asparagine (precursor) in cereals, AA remains a food safety concern in the
industry. Although there are already a number of AA mitigation measures in use, most of them are implemented through a trial-and-error process due to
the lack of systematic investigations.

Purpose: Therefore, the aim of this study is to investigate the effect of asparaginases in different concentrations, incubation times and temperatures for
reduction of AA in cookies, while maintaining positive textural and color properties.

Methods: Acrylamide ELISA kit was used for AA analysis, a three-point bend rig was used to snap cookies for texture analysis and C-Cell and Color Muse
were used and compared for color analysis. We analyzed a total of 288 samples.

Results: Here we show that two commercially available asparaginases significantly reduced acrylamide (up to 85%), while the color was not affected by
their addition, nor the texture of the cookies. Incubating cookie dough at 10 and 30 minutes did not affect the AA formation as much as the incubation
temperature of 90°C did, compared to 60°C. Increasing the baking temperature from 180°C to 240°C showed only slightly a higher AA formation, due to
the concomitant reduction in baking time. However, using a heat-stable asparaginase at temperatures above 200°C was more efficient regardless of the
concentration, 100 or 200 ppm, respectively. The outcomes support the advantages of using asparaginases, because the recipe and process conditions
remain the same and the product has the same textural properties and no color change after baking.

Significance: This research highlights its significance in maintaining AA levels under benchmark levels with low effort and therefore providing safe food
for consumers.
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T3-07 A Flexible Bacterial Cellulose-Based SERS Substrate for Rapid Determination of Thiram on Apple
Surface

Li Xiao, Shaolong Feng, Marti Hua and Xiaonan Lu
MCcGill University, Sainte-Anne-de-Bellevue, QC, Canada

o%* Developing Scientist Entrant

Introduction: Traditional analytical methods for determining pesticide residues face the challenge of complex and lengthy sample preparation.

Purpose: The objective of this study is to develop a rapid and simple method for the determination of thiram on apple surface using a flexible bacterial
cellulose-based SERS substrate.

Methods: This BC-based SERS substrate was fabricated by immersing BC film into AuNPs solutions. In the fabricated substrate, BC film with a fine 3D
network structure acted as a platform to absorb gold nanoparticles uniformly, that are responsible for the enhancement of Raman scattering signals.
Based on the developed substrate, a bench-top Raman spectrometric system was successfully applied to detect trace thiram on apple surface via two
different collection methods (i.e. “press-and-peel” and “wiping”). In addition, a portable Raman spectroscopic device was used to detect thiram on apple
surface to achieve on-site applications. The overall test of thiram on apple surface can be completed within 8 min including sample preparation (3 to 5
min) and SERS measurement (1 to 3 min).

Results: Enhancement factor of this SERS substrate for sensing thiram molecules was calculated to be 2.8x10°. The limit of detection of thiram resi-
dues determined by a portable Raman spectroscopic device and a benchtop Raman spectrometer were 0.98 ppm and <0.5 ppm, respectively, meeting
maximum residue level of thiram on apple according to the regulation of Europe and North America. SERS peak intensity at 1368 cm™ was proportional to
thiram concentration (1 to 50 ppm) with a coefficient up to 0.99. The analytical performance of the flexible BC-based SERS substrate was verified in terms
of sensitivity, reproducibility and stability.

Significance: The developed method can be used to determine pesticide residues on food surface rapidly and non-destructively (<8 min), ensuring food
safety.

T3-08 Gaseous Chlorine Dioxide Used for Improving the Safety and Shelf Life of Grape Tomatoes

Tony Jin
U.S. Department of Agriculture - ARS, Wyndmoor, PA

Introduction: Grape tomatoes have been associated with outbreaks due to the contamination of foodborne pathogens such as E. coli 0157:H7, Listeria
monocytogenes and Salmonella spp. Chlorine dioxide (CIO,) is known to be an excellent disinfectant and its bactericidal properties are well documented.
However, CIO, is a volatile gas that must be produced on-site and required sophisticated chemical generation equipment.

Purpose: This study was to develop packaging films with sodium chlorite (NC) and polylactic acid (PLA) polymer, which released gaseous CIO, to inacti-
vate these pathogens and spoilage microflora on tomatoes.

Methods: NC was integrated into PLA films using mixing-casting method. The antimicrobial film was placed inside PET clam shell containers with grape
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tomatoes. Stem scars of tomatoes were inoculated with E. coli K12, Listeria innocua, E. coli O157: H7, Listeria monocytogenes and Salmonella Enteritidis. The
inactivation of these bacteria on tomato stem scars by the films were investigated. Non-inoculated tomatoes were also used for the shelf life study.

Results: The film treatments reduced the populations of E. coli K12 by 4.0 log CFU/g, and L. innocua by 2.2 log CFU/g. Similarly, the film treatments
reduced the populations of E. coli 0157:H7 by 4.3 log CFU/g, L. monocytogenes by 2.4 log CFU/g, and Salmonella by 4.0 log CFU/g. After stored for 2 weeks
at 4°C for 2 weeks, film-treated tomatoes had native bacterial (TPC) populations of 1.8 log CFU/g and native yeast and mold (Y&M) populations of 2.6 log
CFU/g, respectively, while the control samples had 4.8 log CFU/g of TPC and 4.5 log CFU/g of Y&M. Control samples also showed moldy surface after 2
weeks. In contrast, treated tomatoes still had fresh-like appearance after 2 months.

Significance: This study demonstrates that the use of NC-PLA antimicrobial films is a simple and effective way to enhance the safety and extend the
shelf life of grape tomatoes.

T3-09 Development of Continuous- and Self-Sanitizing Surface Coatings Based on Visible Light to Prevent
Cross-Contamination

Ahmed EI-Moghazy', Nicharee Wisuthiphaet? and Nitin Nitin?
"University of California Davis, Davis, CA, University of California, Davis, Davis, CA

Introduction: Cross-contamination of food with pathogens, including bacteria and viruses, is a major cause of food-borne disease outbreaks across mul-
tiple segments of the food industry. The risk of cross-contamination is significant in diverse environments including harvesting, post-harvest processing
and food service industries.

Purpose: This work was focused on development of antimicrobial “slippery” coatings using photoactive food grade compositions to reduce biofouling,
improve microbial inactivation and provide continuous- and self- sanitation surfaces.

Methods: Nanofibrous membranes were functionalized with fluorosilane (approved for food contact surfaces) for reducing the surface energy and
curcumin for the daylight-induced photoactive antimicrobial function. A nanofibers suspension was used as a spray coating on the stainless-steel surface,
followed by silicone oil infusion as a lubrication agent to create the antimicrobial slippery surfaces (SLIPS). The antimicrobial activity of the coated surfaces
was investigated against Escherichia coli 0157:H7 and Listeria innocua. The anti-cross-contamination property of the designed surfaces were examined by
conducting spinach leaf-surface-leaf cross-contamination test.

Results: The designed surface showed superhydrophobic property with a contact angle of 166°. Without the antimicrobial function, SLIPS surface
significantly reduced the cross-contamination risk, reducing more than three and four logs of bacterial transfer from the contaminated spinach leaf to the
SLIPS surface and the non-infected spinach leaf respectively. With curcumin modification, the designed surface exhibited excellent self-sanitation property
by reduction of 7 log (99.99999%) of both tested microbes after daylight irradiation time of 10 min. After continuous daylight exposure for seven days, the
prepared antimicrobial SLIPS exhibited good photostability and retained its light-induced self-sanitation power. Furthermore, the designed surface showed
self-sanitation durability by reduction of 7 log of L. innocua for five consecutive cycles.

Significance: This work illustrates the development of continuous and self-sanitation of surfaces in food processing and food service environments that
can reduce the risk of microbial contamination and improve the food safety and quality.

T3-10 Global Distribution of Genes Conferring Increased Tolerance to Food Industry Disinfectants in
Listeria monocytogenes

Mirena Ivanova’, Judit Szarvas', Martin Laage Kragh?, Alexander Gmeiner’, Elif Seyda Tosun', Frank Mgller Aarestrup’, Lisbeth
Truelstrup Hansen?, Patrick Murigu Kamau Njage' and Pimlapas Leekitcharoenphon’
"Research Group for Genomic Epidemiology, National Food Institute, Technical University of Denmark, Kgs. Lyngby, Denmark, *Research Group for Food
Microbiology and Hygiene, National Food Institute, Technical University of Denmark, Kgs. Lyngby, Denmark

Introduction: Genes associated with increased Listeria monocytogenes tolerance to one of the most common food industry disinfectants, quaternary
ammonium compounds (QACs), have been described but their global distribution in L. monocytogenes has not been examined to date.

Purpose: To characterize the dissemination of QACs tolerance genes in public L. monocytogenes raw sequencing data.

Methods: Sequencing runs of 39,196 L. monocytogenes isolates deposited in the European Nucleotide Archive until April 2021 were screened for
presence of bcrABC, gacH, emrC and emrE genes using COBS and KMA. COBS was used with default settings, while KMA screening was carried out with min-
imum template identity of 90%. MLST typing was performed by stringmlst against the L. monocytogenes MLST database. The heterogeneity in proportion of
clonal complexes (CCs), geographical locations and isolation sources that were positive within and between genes was estimated using a random-effects
model implemented in the R package meta.

Results: QACs tolerance genes were detected in 10,953 (28%) of the L. monocytogenes isolates. bcrABC was the most abundant gene, present in 72% of
the QACs positive isolates, followed by gacH (19%), emrC (7%) and emrE (2%). The prevalence of all genes, except emrC, was significantly higher (P<0.05) in
food and production environment isolates, while emrC was detected mostly in clinical samples. We found significant differences (P<0.05) in the dissemina-
tion of the QACs genes among countries/continents and CCs. While bcrABC was highly prevalent in the United States, gacH and emrC were associated with
Europe and emrE had highest occurrence in Australia/Oceania. emrE, emrC and qacH were strongly associated (P<0.05) with CC8, CC6 and CC121, respec-
tively, while bcrABC was distributed among several CCs with highest occurrence in CC5, followed by CC321, CC155, CC9 and CC7.

Significance: This study gives a comprehensive overview of the dissemination of QACs genes globally and exemplifies the importance of sharing se-
quencing data.

T3-11 Antivirulence Effect of Cannabidiol Against Listeria monocytogenes

Divya Joseph', Leya Susan Viju', Abraham Joseph Pellissery?, Brindhalakshmi Balasubramanian', Abhinav Upadhyay' and Kumar
Venkitanarayanan'
"Department of Animal Science, University of Connecticut, Storrs, CT, 2Department of Comparative, Diagnostic and Population Medicine, University of Florida
- College of Veterinary Medicine, Gainesville, FL

0:0 Developing Scientist Entrant

Introduction: Listeria monocytogenes is a serious food-borne pathogen causing meningitis and death in humans, especially in susceptible individuals.

L. monocytogenes infection begins with its colonization in the intestinal tract followed by systemic spread. The major virulence factors associated with L.
monocytogenes infection include bacterial motility, hemolysin and lecithinase production, and invasion of host tissue, including intestinal cells and the cen-
tral nervous system. Reducing the activity of these virulence factors would help to control L. monocytogenes pathogenesis and improve disease outcome.

Purpose: This study investigated the anti-virulence effect of Cannabidiol (CBD), a major non-psychoactive constituent of Cannabis sativa on L. monocyto-
genes.

Methods: Sub-inhibitory concentration (SIC, concentration not inhibiting bacterial growth, 11.92 pM) and minimum inhibitory concentration (MIC) (2289-
2607 pM) of CBD against three L. monocytogenes isolates, namely Scott A, ATCC 19115, and LM1 were determined. The three isolates were grown in TSB
with or without SIC, 2xSIC, 3xSIC, 4xSIC, 5xSIC, 6xSIC, 1/16 MIC, 1/8 MIC, 1/4 MIC, 1/2 MIC, and MIC of CBD to assess bacterial motility, hemolysin produc-
tion and lecithinase activity. The effect of CBD on LM adhesion and invasion of human colon adenocarcinoma cells (Caco-2) and human brain microvas-
cular cells (HBMEC) was also determined. Additionally, the effect of CBD on major LM virulence genes was analyzed using RT-qPCR. All experiments were
repeated thrice with duplicates and data were analyzed using one-way ANOVA.

Results: Cannabidiol from 5x SIC to MIC significantly reduced all LM virulence factors tested (P< 0.05). At MIC, CBD decreased motility and hemolysin by
100%, lecithinase production by 50-60%, and adhesion and invasion of intestinal epithelial and brain microvascular cells by 50-70% (P<0.05). RT-gPCR data
revealed that SIC of CBD downregulated the transcription of LM virulence regulator (prfA) and genes, hly, plcA, plcB, iap, motA and motB at least by two-fold
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(P<0.05).
Significance: Cannabidiol could potentially be used as a therapeutic agent against Listeria monocytogenes, and follow-up in vivo studies are required for
validating these results.

T3-12 Is Your Food Really as Cool as You Think It is? ...Putting Inertia Temperature Sensor Technology to
the Test

Ted Wilkes' and Dean Hornsby?
'Bluline Solutions, Pittsburgh, PA, *BluLine Solutions, Pittsburgh, PA

Introduction: It is a well understood fact that food refrigeration systems are designed to keep food cooler than the prevailing temperature at the
location where the refrigeration system is situated. Also well understood is that food is kept cold for several reasons including food safety, preservation of
freshness, compliance, and customer satisfaction. Historically the refrigerated food holding environment has been monitored by placing air temperature
sensors within the appliance.

Purpose: What is not well understood, is that the temperature of the air in the refrigerated enclosure may be a highly inaccurate measure of the actual
food items temperature inside the refrigerated enclosure. In reality the air temperatures within the appliance can fluctuate dramatically due to door
openings, defrost cycles, power outages, overstocking, etc. The main aim is to keep stored ‘products’ at a predetermined target temperature, without being
overly reactive to changes in transient air temperatures.

Methods: A revolutionary new approach to food temperature monitoring is being introduced in the form of wireless thermal inertia sensors. The In-
dentiCool line of sensors incorporates thermally engineered fluids that closely replicate the thermal properties of the foods being monitored. Critical food
safety decisions should always be made based on the temperature of the food and not the air temperature in the appliance.

Results: Extensive laboratory and field data will be presented that shows how this new temperature monitoring approach has resulted in the reduction
of shrink, increased regulatory compliance, power savings, and overall smoother facility operations.

Significance: The implementation of wireless food simulant enabled temperature sensors is a significant step forward in the science of cold holding. The
continued practice of relying on air temperature sensors in the cold holding asset can lead to appliance inefficiencies, improper food temperature data,
and menacing food holding conditions.

T4-01 Any Hand Hygiene Intervention is Better Than No Hand Hygiene Intervention - A Systematic Study
to Evaluate the Use of Alcohol-Based Hand Sanitizers in a Simulated Retail Food Preparation Setting

Rebecca Goulter’, Emily Kingston?, Jeremy Faircloth? Jaclyn Merrill?, Jason Frye?, Mileah Shriner?, Lisa Shelley?, Catherine Sander?, Brian
Chesanek?, Chip Manuel?*, James Arbogast*, Benjamin Chapman?® and Lee-Ann Jaykus?
'NCSU, Raleigh, NC, 2Department of Food, Bioprocessing and Nutrition Sciences, North Carolina State University, Raleigh, NC, 3Department of Agricultural
and Human Sciences, North Carolina State University, Raleigh, NC, *GOJO Industries, Inc., Akron, OH

Introduction: Per the FDA Food Code (FC), alcohol-based hand sanitizers (ABHS) cannot be used in lieu of handwashing (HW) during food preparation. A
recent study investigated the impact of hand hygiene interventions (HHI) on microbial cross-contamination to surfaces and hands during food preparation
(see complementary posters), finding no difference in the performance of ABHS vs HW.

Purpose: |dentify associations between worker behaviors, HHI compliance, and microbiological contamination of surfaces and hands.

Methods: Food handlers (n=85) were assigned to one of five groups: control (no HHI); FC-directed HHI (HW or ABHS); and natural HHI (no direction; with
and without access to ABHS). Workers prepared meals using raw meat containing Escherichia coli DH5-a (NCSU IRB #21056). All meal preparations were
recorded and coded. Afterwards, surface swabs (n=850) and hand rinsates (n=85) were collected and screened for E. coli contamination. Associations were
determined using one-way ANOVA and Chi-square tests.

Results: Compared to treatment groups, the absence of HHI (control group) led to significantly higher E. coli contamination on surfaces (P<0.001) and
hands (P<0.05). Behavior groups, receiving no FC-HHI direction, had statistically lower HHI attempts and successful compliance according to FC-guidelines
compared to FC-HHI directed groups (P<0.001), however, surface and hand contamination did not significantly differ between HHI treatments (P>0.05). .
coli concentration on contaminated hands was similar when workers had access to ABHS (2.6+0.7 log CFU/rinsate) compared to the FC-HHI directed HW
group (2.6+1.0 log CFU/rinsate; P=0.958).

Significance: Our research showed that any HHI, including ABHS, reduced microbial contamination on kitchen surfaces and hands of food workers, re-
gardless of the number of successful HHI attempts performed according to FC-guidelines. These results suggest inclusion of ABHS may be a viable option
in food service in certain situations, but additional studies are necessary.
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T4-02 Microbial Disinfection of Food-Contact Surfaces Using a Germicidal Short-Wave Ultraviolet Light
(279 nm) Emitting Diode System

Aakash Sharma', Brahmaiah Pendyala', Housyn Mahmoud', Sampathkumar Balamurugan? and Ankit Patras'
"Tennessee State University, Nashville, TN, 2Agriculture and Agri-Food Canada, Guelph, ON, Canada

Introduction: The need for sustainable UV-C technologies for the food-contact surface to minimize the risk of cross-contamination is investigated. Novel
decontamination approaches to inactivate these resilient bacteria are researched to enhance food safety.

Purpose: The objective of this research was to determine the UV-C dose-response curve of Escherichia coli (ATCC 25922), Salmonella typhimurium (ATCC
700720), and Listeria Monocytogenes (ATCC 19115) on food-contact surfaces using an ultraviolet light emitting diode (LED) operating at 279 nm wavelength.

Methods: 50pl cell suspension was spread uniformly over a 1 cm circular stainless-steel coupon and treated using a near collimation LED apparatus
with UV-C doses of 0, 2, 4, 6 & 8 m)/cm (n=3). After UV-C exposure, enumeration of microorganisms was performed by serial dilution plate count method
(detection limit 2 log CFU/mI). All experiments were conducted in triplicate. For UV inactivation kinetic modeling, the GinaFit tool was used and reported
goodness of fit (R?) and RMSE.

Results: Both Escherichia coli and Salmonella typhimurium inactivation followed log-linear kinetics with R2of 0.99 and RMSE between 0.10 and 0.12. In
contrast, UV inactivation of Listeria monocytogenes showed non-linear kinetics (Weibull) with R2of 0.99 and 0.15 RMSE. The dose required for three-log
reduction of the Escherichia coli, Salmonella typhimurium, and Listeria monocytogenes was 8.09+0.3, 5.71+0.2 and 5.02+0.2 mJ/cm respectively. Listeria mono-
cytogenes exhibited the highest UV sensitivity followed by Salmonella typhimurium and Escherichia coli had the lowest UV-C sensitivity. Overall, the data
show UV-C light at 279 nm efficient against target micro-organisms.

Significance: This kinetic data is useful for calculating the desired UV-C doses for bacterial log reductions on food-contact surfaces.

T4-03 Efficacy of Acidified Water-in-Oil Emulsions Against Desiccated Salmonella as a Function of Osmotic
Pressure, Acid Carbon Chain-Length, and Cellular Membrane Fluidity

Shihyu Chuang and Lynne McLandsborough
University of Massachusetts, Amherst, MA

0:0 Developing Scientist Entrant

Introduction: Sanitizing low-moisture food (LMF) processing equipment is challenging due to the increased heat resistance of Salmonella spp. in low-wa-
ter activity (a,) environments. Our lab has developed antimicrobial oils and water-in-oil (W/O) emulsions with acetic acid, which were effective against
desiccated Salmonella.
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Purpose: To evaluate the efficacy of W/O emulsions with different carbon chain-length (C,) organic acids against desiccated Salmonella.

Methods: Salmonella Enteritidis was inoculated onto stainless-steel coupons and desiccated at 75% relative humidity (RH). Treatments were 200 mM
C,,, organic acids prepared in W/O emulsions (3% PGPR, 1% water) and W/O emulsions with glycerol (3% PGPR, 1% water, 3% glycerol), with a contact time
of 30 min at 22 °C or 45 °C. Microbial log reduction (MLR) was determined with plate counts and Most Probable Number. Fluorescence lifetime imaging
microscopy (FLIM) was used with BODIPY-FL-C,, to evaluate cellular membrane viscosity. Differences were significant at P<0.05. Two-way ANOVA with post-
hoc Tukey was used to denote levels of statistical significance.

Results: At 22 °C and 45 °C, desiccated Salmonella was found highly susceptible (>6.5 MLR) to the W/O emulsions formulated with C, , acids. Those
formulated with C, ,, acids had little to no efficacy at 22 °C, but were effective (> 6.5 MLR) at 45 °C. Experiments with FLIM showed that Sa/monella stained
with BODIPY had a shorter fluorescence lifetime at 45 °C, compared to 22 °C. Thus, we hypothesized that heating of Sa/monella decreases membrane
viscosity, allowing the longer chain-length acids to permeate the cells. All acids in W/O emulsions were attenuated with glycerol at 45°C, suggesting that the
antimicrobial mechanisms may be due to differential osmotic pressure and acid membrane permeability.

Significance: Alcohol-based sanitization used commercially for LMF processing requires system cooldown due to flammability. Antimicrobial oils and
W/0 emulsions can be used at elevated temperatures and thus prevent production downtime.

T4-04 Using Plasma-Activated Water (PAW) for Disinfection of Common Material Surfaces in Poultry
Houses

Tereza Merinska, Mitchell Walker and Kevin Keener
University of Guelph, Guelph, ON, Canada

0:0 Developing Scientist Entrant

Introduction: Salmonella spp. is considered as the major source of food illness in poultry industry. Current procedures used for disinfection are ex-
pensive and not always effective. The potential to use only air, water, and small amount of electricity to generate an on-site disinfectant at lower costs is
preferred.

Purpose: The purpose is to evaluate this specific PAW for disinfection of stainless-steel, polyvinyl chloride (PVC) and wood surfaces found in poultry
houses.

Methods: PAW was prepared by treatment of 24 ml water samples with high voltage atmospheric cold plasma (HVACP) in 80 % humid air (working gas)
under an applied voltage of 90kV for 30 minutes with an average power of 168 W. Stainless-steel, PVC (5 by 1.25 cm) and wood (6.25 by 1 cm) coupons rep-
resenting materials which usually occur in poultry houses were inoculated with 10 pl (stainless-steel and PVC) and 100 pl (wood) of Salmonella cocktail (S.
Enteritidis, S. Typhimurium, S. Montevideo, and S. Newport) with a final microbial load of 9 log CFU/ml and treated with 2 ml of PAW for 30 s. Then surface
was swabbed with cotton swabs and Salmonella counts were determined on Tryptic Soy Agar. The trials were repeated independently five times and a one-
way ANOVA was performed. Stainless-steel coupons (under the same conditions) were also treated with PAW stored at 4 °C for 7 and 14 days. Inoculated
non-treated control samples were subjected to the same treatment conditions with deionized water instead of PAW.

Results: The significant reductions (P<0.01) 2.96+0.47, 3.16+0.48 and 1.05+0.63 log CFU/m| were achieved after 30 s of treatment for stainless steel, PVC
and wood, respectively. PAW stored at 4°C for 7 and 14 days when applied to stainless steel reduced Salmonella by 2.97+0.30 and 2.99+0.33 log CFU/m|,
respectively.

Significance: PAW generated from HVACP treatment can produce a disinfectant suitable for decontaminating poultry houses.

T4-05 Investigating Current Low-Moisture Food Processing Environment Sanitation Practices Against Dry
Surface Biofilms of Listeria monocytogenes, Salmonella enterica Serovar Typhimurium, and Pseudomonas
aeruginosa

Gurpreet K. Chaggar, Ryan Chen and Haley Oliver
Purdue University, West Lafayette, IN

Introduction: Current low-moisture food (LMF) sanitation practices may not be sufficient to identify and deactivate dry surface biofilms (DSB) and
requires verification against pathogens persisting as DSB.

Purpose: To test bactericidal efficacy of EPA registered isopropyl alcohol sanitizer with LMF claim and microfiber swab ability to remove/displace bacteri-
al populations within DSB.

Methods: Mono-and mix-culture wet surface biofilms (WSB) of Salmonella enterica ser. Typhimurium ATCC 700720, Listeria monocytogenes FSL R8-5318,
and Pseudomonas aeruginosa ATCC 15442 were developed following standard EPA protocol on borosilicate glass coupons using CDC® biofilm reactor. WSB
were dried for 24, 48, and 72 h at 21°C to form DSB and treated with microfiber swabs or 10% isopropyl alcohol sanitizer. Serial dilutions were plated on
selective agar for each species. Mean log CFU/cm2were calculated and compared to control (PBS) using LSM of PROC GLM to fit linear models (a=0.05).
Replications were done in triplicate.

Results: There were no significant differences in the mean log densities/coupon between control and coupons cleaned with microfiber swabs to dis-
place mono-and mix-culture DSBs (P>0.05). Although isopropyl sanitizer reduced WSB S. enterica populations to approx. four logs (P<0.05), the bactericidal
efficacy ranged between 1 to 3 logs when co-cultured with P. aeruginosa and as dehydration time increased. P. aeruginosa populations alone and when
co-cultured with L. monocytogenes recovered post-isopropyl alcohol sanitizer treatment were not significantly different from control coupons (P>0.05) sug-
gesting it was more difficult to deactivate P. aeruginosa DSB and could exhibit protection to underlying L. monocytogenes populations.

Significance: Considering emergence of LMFs as potential sources of foodborne outbreaks and recalls, our data will provide insights to the gaps in the
current sanitation practices within LMF processing facilities that may harbor pathogens and propose models that support mitigation strategies.

T4-06 Repeated Disinfection with Industrial Biocides Alters the Composition and Biocide Tolerance in
Mock Drain Biofilms

Martin Laage Kragh', Nanna Hulbak Scheel’, Pimlapas Leekitcharoenphon?, Paw Dalgaard?® and Lisbeth Truelstrup Hansen'
"Research Group for Food Microbiology and Hygiene, National Food Institute, Technical University of Denmark, Kgs. Lyngby, Denmark, ?Research Group
for Genomic Epidemiology, National Food Institute, Technical University of Denmark, Kgs. Lyngby, Denmark, 3Research Group for Food Microbiology and
Hygiene, National Food Institute (DTU Food), Technical University of Denmark, Kgs. Lyngby, Denmark

Introduction: Residual biofilms challenge effective sanitation in the food industry.

Purpose: This study aimed to investigate if repeated disinfection with industrial biocides altered the microbial community composition and biocide
tolerance in mock drain biofilms.

Methods: A mock drain biofilm composed of 31 representative bacterial species isolated from metagenomically characterized industrial floor drains,
was created (3 days, 15°C) on stainless steel plates in tryptic soy broth (TSB). Biofilms were subsequently exposed for five min to water (control) or low,
high or 2x high industrial concentrations of benzalkonium chloride (BC, 250, 1000, 2000 ppm), peracetic acid (PAA, 500, 2500, 5000 ppm) or sodium hypo-
chlorite (SH, 1000, 6000, 12000 ppm). Survivors were enumerated using tryptic soy agar before and after disinfection, following biofilm regrowth (3 days,
15°C, TSB) and repeated disinfection treatments. Changes in biofilm microbiome were determined using MALDI-TOF to identify survivors (n=160) after
treatments with water or high biocide concentrations. Survival of Listeria monocytogenes were evaluated based on selective enrichment.

Results: The initial mock drain biofilm (6.9 + 0.3 log CFU/cm?) exhibited small reductions of 1.8 log CFU/cm? after exposure to low concentrations of PAA
and SH and all concentrations of BC. Higher concentrations of PAA and SH reduced the biofilm by 3.4 to 4.5 log CFU/cm?. Disinfected biofilms regrew to 7.6
+ 0.5 log CFU/cm? The nine treatments led to three cases of increased tolerance and one case of increased sensitivity of the biofilm to the second biocide
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exposure. Eradication of L. monocytogenes required two exposures to 5000 ppm PAA. Pseudomonas spp. became highly abundant (25 to 70%) after biocide
exposures. Interestingly, Serratia spp. (40%), Acinetobacter spp. (53%) and Psychrobacter spp. (39%) dominated biofilms after the second exposure to BC,
PAA and SH, respectively.

Significance: In conclusion, high concentrations of SH and PAA effectively reduce biofilms populations. However, repeated exposure altered the surviv-
ing microbiome and fostered increased biocide tolerance.

T4-07 Listeria monocytogenes Colonizes Biofilms in Floor Drains and Its Prevalence Correlates to Aerobic
Plate Counts and Biomass

Jack Burnett’, David Buckley?, Chris Jordan® and Haley Oliver’
'Purdue University, West Lafayette, IN, 2Diversey, Charlotte, NC, *Diversey, Inc., Minneapolis, MN

Introduction: The ability of Listeria monocytogenes to persist in food processing environments is enabled by inclusion into biofilms yet its role in microbi-
al communities is not well understood.

Purpose: To characterize biofilm development in retail deli floor drains and L. monocytogenes inclusion in the microbial community.

Methods: Sterile stainless steel coupons were attached to the inner wall of deli floor drains in eight locations across three midwestern states. Beginning
at six weeks post-installation, two coupons per drain were removed for analysis and the drain cover was swabbed. Coupons were rinsed and one was
placed in an oven at 60°C and weighed repeatedly until stable. The biofilm was removed and the coupons weighed. The other coupons’ biofilm was resus-
pended in PBS for APC. The suspension and drain swab were tested for L. monocytogenes. Samples were collected and analyzed bi-weekly for 16 weeks.

Results: APC counts differed over time (x?; P=0.0007) with weeks 14 and 16 higher than the prior four sampling events. Dry weight was highly variable
and only weeks 14 and 6 differed (F; P=0.0040). L. monocytogenes was present in 27.1% (13/48) of the biofilm samples and 22.9% (11/48) of the drain cover
swabs. Listeria-positive biofilms APC counts rose over time in linear trend (Z; P=0.0224) but this was not observed of the swabs (Z; P=0.9984). There wasn't a
correlation between a samples’ swab and biofilm results (K; P=0.9872). Listeria-positive biofilm samples had significantly higher plate counts (x% P=0.0286)
and dry weights (x% P=0.0286) than the negatives.

Significance: L. monocytogenes inclusion into biofilms is related to measures of biofilm maturity and composition.

T4-08 Resistance of Salmonella Tennessee and Salmonella Typhimurium Strain LT2 Biofilms to Industrial
Antimicrobials Highlights the Importance of Preventive Measures

Simen Asefaw’, Sadiye Aras’, Md Niamul Kabir?, Sabrina Wadood', Shahid Chowdhury' and Aliyar Cyrus Fouladkhah’
"Public Health Microbiology Laboratory, Tennessee State University, Nashville, TN, 2Albany State University, Albany, GA

Introduction: Capability of Sa/monella to form biofilms on various biotic and abiotic surfaces is an important underlying reason for prevalence of the
pathogen. Biofilms are estimated to be causative agents of around 80% of bacterial infections in humans.

Purpose: The current study compared sensitivity of an epidemiologically significant serovar (Salmonella enterica subspecies enterica serovar Tennessee)
to two industrially important antimicrobials at various stages of biofilm formation. Suitability of an avirulent strain (Salmonella enterica subspecies enterica
serovar Typhimurium, strain designation LT2) as a surrogate microorganism was additionally studied.

Methods: Biofilm trials were randomized block designs with two biologically independent repetitions (each containing three replicates) as the blocking
factor. The log-transformed bacterial counts were statistically analyzed (at 5% type | error) using Tukey-adjusted ANOVA. Biofilm trials consisted of the
application of sterilized water (treated control), sodium hypochlorite, and quaternary ammonium compounds with the two latter tested at the highest con-
centrations recommended by manufacturers. Using the glass beads method, the sensitivity of planktonic cells and various stages of biofilms were studied.

Results: Our results illustrate that using industrially important antimicrobial treatments at the highest concentrations suggested by the manufacturers
is only efficacious (P<0.05) against planktonic and one-day mature biofilms of the pathogen while exhibiting a lack of efficacy (P>0.05) for complete removal
of bacterial biofilms formed for more than 2 days. Similarities (P<0.05) between the pathogenic and non-pathogenic strains further indicate that Salmonella
LT2 could be used as a surrogate for pathogenic Salmonella in public health microbiology validation studies.

Significance: These findings show the importance of including both planktonic and sessile cells of the pathogen in microbiology hurdle validation stud-
ies, especially for treatments of niche and hard-to-reach surfaces. Resistance of biofilms of this epidemiologically important strain to industrial treatments
highlights the importance of preventive measures against this opportunistic and prevalent pathogen of public health concern.
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T4-09 The Risk Assessment of the Sanitation Practices of Modified Washing Machines in the Processing
of Leafy Greens

Pragathi Kamarasu'’, Amanda Kinchla? and Matthew D. Moore'
"University of Massachusetts Amherst, Amherst, MA, 2Department of Food Science, University of Massachusetts Amherst, Amherst, MA

o3 Developing Scientist Entrant

Introduction: About 46% of foodborne iliness incidents are attributed to raw produce-like leafy greens. Small-sized growers retrofit washing machines
to dry triple-washed leaves, effectively turning them into large salad spinners. Previous work demonstrates that this practice has the potential to cause
cross-contamination of Listeria. However, the potential efficacy of different cleaning agents and sanitizers to mitigate this risk has not been explored.

Purpose: This project aims to investigate various risk reduction mitigation strategies using traditional on-farm applications of cleaning agents and inves-
tigates two commonly used food contact surface sanitizers.

Methods: Listeria innocua at 102-10°CFU/ml was inoculated and dried onto spinach, followed by drying in a retrofitted washing machine modified for
postharvest drying of leafy greens. The application of detergent and water with mechanical action like scrubbing to evaluate the cleaning and sanitizer
(chlorine (200 ppm) and peroxy acetic acid (100 ppm) based sanitizers) efficiency. Three contact surfaces per layer of the machine were sampled using
sterile microbial swabs and ATP swabs to enumerate the relative levels of the bacterial transfer and ATP recovered.

Results: There was a 90%+5% microbial recovery from the different contact surfaces of the machine. Overall, the highest level of recovery was con-
sistently measured in the bottom water-collecting contact point, suggesting the highest risk of bacterial deposition may occur in this region. The mitiga-
tion strategies were proven to be successful as the microbial recovery was below the LOD post-cleaning and residual microorganisms were completely
removed post-application of both chlorine and PAA sanitizers. In addition, the ATP values were reduced to approximately 150 RLU post-cleaning.

Significance: This information supports the need for producers to establish a cleaning and sanitizing SOP for drying units to reduce microbial contami-
nation in post-harvest surfaces such as using modified washing machines.

T4-10 Automated Floor Cleaning Reduces E. coli Spread Compared to Mechanical Deck Brushing
Geraldine Tembo', Connor M. Horn', Megan E. Clevenger’, David Buckley? and Haley Oliver?
"Purdue University, West Lafayette, IN, *Diversey, Charlotte, NC
o%* Developing Scientist Entrant

Introduction: The use of automated machines on non-food contact surfaces (e.g., floors) in food facilities and healthcare systems has been avoided due
to concern of spreading pathogens (e.g., aerosols); there is limited data informing this concern.

Purpose: To investigate differences in mechanical and automated cleaning/sanitizing methods ability to remove and spread ampicillin-resistant Esche-
richia coli from floor surfaces.
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Methods: Taski Swingo picro auto scrubber (Diversey Inc, USA) and a deck brush were compared using a quaternary ammonium compound sanitizer
on a two m2vinyl floor. Fifteen locations, three in the initial inoculation zone and three every 0.5 m? were inoculated with 3x107 CFU E. coli and dried for 30
min before sanitation. Settle plates and a Spin air basic air sampler (Neutec Group Inc, USA) were used to enumerate E. coli in aerosols generated during
sanitation. Samples were plated or collected on LB agar with 100pg/mL ampicillin and incubated for 24 h at 37°C. Testing was done in triplicate and statisti-
cal analysis was completed in SAS.

Results: The auto scrubber and sanitizer combination exhibited a significantly higher bactericidal efficacy on the floor compared to the deck brush
(P=0.003). There was a significant difference (P=0.0072) among equipment parts when tested for cross-contamination. The machine squeegee had the least
contamination (0.55 log CFU/ml), while the deck brushes had an average of 2.72 log,, CFU/mL residual contamination. Limited E. coli was detected by the
air sampler and settle plates when using the auto scrubber. During deck brushing, more E. coli was detected on settle plates compared to the air sampler
(P<0.0001).

Significance: Automated scrubbing minimized bacterial spread in the environment and effectively eliminated E. coli from the floor. Furthermore, it per-
formed significantly better than deck brushing and may serve as a possible opportunity to reduce the environmental spread of bacteria when cleaning.

T4-11 Effective Strategies to Sanitize Harvesting Bins and Picking Bags Concerning Listeria monocytogenes
and Salmonella

Hema Sai Samhitha Chalamalasetti’, Blanca Ruiz-Llacsahuanga? Valentina Trinetta® and Faith Critzer?
"University of Georgia, athens, GA, 2University of Georgia, Athens, GA, *Kansas State University, Manhattan, KS

0:0 Developing Scientist Entrant

Introduction: Food contact surfaces used during harvest such as picking bags and storage bins can cross-contaminate produce if not properly cleaned
and sanitized. Thus, there is a need for the development of cleaning and sanitary controls which effectively inactivate target foodborne pathogens and can
be applied in the field and packinghouse.

Purpose: Evaluate the effectiveness of commercially available sanitizers in reducing Listeria monocytogenes and Salmonella sp. on experimentally inocu-
lated coupons representative of food contact surfaces commonly used in harvesting bags and bins in the apple industry.

Methods: Wood, plastic (HDPE), and nylon coupons were spot inoculated with a cocktail (8.5 log CFU/ml) of L. monocytogenes (390-6 (serotype 1/2a),390-
2 (serotype 1/2b), 573-035 (serotype 4b)) or Sa/monella (Enteritidis ATCC BAA-1045, Agona LJH 517, Newport ATCC 6962) and allowed to dry prior to
treatment. Three sanitizer treatments [peroxyacetic acid (PAA; 500 ppm), free chlorine (500 ppm), and silver dihydrogen citrate (SDC; 0.0003% silver ions
4.846% citric acid)] and steam were evaluated. Coupons were exposed to steam for 30 s and 1 min while contact times for sanitizers were 1 and 2 min.
Microbial populations were enumerated and compared to no treatment controls to determine significant differences (P<0.05) in a completely randomized
design (n=9).

Results: Application of SDC, PAA, and chlorine at contact times of 1 and 2 minutes on plastic and nylon coupons resulted in a >4 log reduction in L.
monocytogenes compared to water-only controls without any significant differences amongst sanitizer chemistries (P>0.05). Salmonella on plastic material
for treatments SDC, PAA at 1 and 2 minutes and chlorine at 2 minutes showed a >5 log reduction without any differences amongst approaches (P>0.05).
Steam was the least effective treatment evaluated (<4 log reduction). Sanitizer applications on wood material showed a log reduction of a < 3 (P<0.05).

Significance: This study helps provide scientific evidence for efficacy of different sanitizing practices for harvest bins and picking bags in the tree fruit
industry.

T4-12 Evaluating the Cleaning and Sanitation Practices of Fresh Produce Farms and Packinghouses in the
Pacific Northwest

Erik Ohman', Joy Waite-Cusic?, Samantha Kilgore? and Jovana Kovacevic'
"Oregon State University, Portland, OR, ?Oregon State University, Corvallis, OR

o%* Developing Scientist Entrant

Introduction: Inadequate cleaning and/or sanitation (C&S) of food contact surfaces (FCS) has been frequently reported during Produce Safety Rule
inspections; however, limited data are available to support or refute effectiveness of C&S processes in fresh produce operations.

Purpose: Evaluate current C&S practices in fresh produce operations to reduce microbial and organic loads on FCS.

Methods: Facilities with different C&S procedures were visited on a single operational day: onion (OPH; dry cleaning only), berry (BPH; wet cleaning),
blueberry harvest contractor (BHC; cleaning+sanitizing), and two mixed vegetable (MVPH1, rinsing+sanitizing; MVPH2, cleaning+sanitizing). FCS (n=25 to 50)
were sampled during production and after C&S. Sponge samples (3M) were analyzed for microbial load on tryptic soy agar (37°C, 24 h). Organic loads were
assessed with Hygiena UltraSnap system.

Results: Dry cleaning at OPH did not reduce bacteria on conveyor belts (4.9+0.7 before vs. 5.1+0.4 log CFU/100 cm? after cleaning), and high soil levels
prevented accurate measurement of organic load. Wet cleaning of plastic trays at BPH significantly reduced (P<0.05; t-test) microbial (from 3.1+0.9 to
2.5+0.7 log CFU/100 cm?) and organic loads (618+616 to 158+133 RLU/100 cm?). C&S procedures for harvest buckets at BHC significantly reduced bacteria
from 3.8+0.5 to 1.1+0.4 log CFU/100 cm? (P<0.05), while organic load was low before and after cleaning (138+220 vs. 92+62 RLU /100 cm?). Microbial and
organic loads on conveyor belts (MVPH2) ranged from 5.0+1.0 to 4.3+0.3 log CFU/100 cm? and 81741922 to 12311819 RLU/100 cm? before and after C&S,
respectively. Water rinse followed by bleach (MVPH1) significantly reduced microbial and organic loads on stainless-steel surfaces from 3.2+0.7 to 1.4+0.2
log CFU/100 cm?and 1038+811 to 106+54 RLU/100 cm? (P<0.05).

Significance: Wet C&S procedures in fresh produce operations were effective at reducing microbial and organic loads on FCS. Dry cleaning in OPK was
ineffective at reducing microbial load, and high soil levels interfered with luminescence.

T5-01 Genomic Insights into the Fitness and Ability of Shiga Toxigenic Escherichia coli to Form Biofilms
and to Persist in the Food Processing Environment

Claudia Narvaez-Bravo and Kavitha Koti
University of Manitoba, Winnipeg, MB, Canada

Introduction: The attachment and survival of microorganisms to food contact surfaces and ability to survive disinfectants are major causes of food
adulteration.

Purpose: To perform a genomics comparison of STEC strains that differed in their ability to form biofilm and survive sanitation procedures

Methods: Biofilm formation ability was tested at 25°C using the crystal violet technique (n=385). STEC susceptibility to the following biocides was evalu-
ated (n=720): quats (550ppm), sodium hypochlorite (1200 ppm), sodium hydroxide (50ppm), hydrogen peroxide (250ppm), hydrogen peroxide+acetic+per-
oxyacetic acid (250 ppm) and BioDestroy® (600ppm). Whole genome sequencing was performed following the illumina MiSeq procedure. Genome
assembly was done using SPAdes; annotation was done using RAST tool kit. Genomes were compared using the comparative system’s service (BV-BRC).
E. coli O157:H7 str. Sakai was included as a reference genome. Four STEC strains were included in this study, three strong biofilm formers: 0157:H7-R508,
0157-1934, 0103:H2 and one weak biofilm former O145:H2.

Results: All STEC biofilms resisted sodium hypochlorite and were susceptible to the rest of the sanitizers (P<.0001). Comparative genomics showed a
pan-genome of 5495 protein families, a core genome of 3833 genes and 1662 accessory genes. Strain 0145:H2, a weak biofilm former, lacks some genes
associated with biofilm formation, such as secretion systems proteins, including T3SS (YscF, YscQ, YopD, EprH), T6SS (ImpABCGHIJK, VasBCDE, TssE, lcmF,
Clpv). Other missing genes included fimbrial-like protein (YraK,YraH) and minor fimbrial subunit (StfF, StfE). All the strains carry genes associated with
hypochlorite resistance, specifically YdhC (inner membrane transport protein) and multidrug efflux system EmrAB-OMF.
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Significance: Some of the missing genes in the weak biofilm former strain might play an important role on biofilm formation. Biofilm formation and
resistance to sanitizers are likely providing STEC strains with an adaptive advantage to persist in food processing environments.

T5-02 Genome-Wide Association Study of Escherichia coli Isolates from Food and Clinical Sources
Identifies Genetic Markers Associated with Shigella Inhibition

Ashley Cooper, Liam Brown, Lang Yao and Catherine Carrillo
Canadian Food Inspection Agency, Ottawa, ON, Canada

Introduction: Current microbiological methods for detection of Shigella in foods are unreliable and can be impacted by the presence of interfering
organisms in enrichment cultures, including E. coli that are able to produce Shigella-inhibiting bacteriocins, leading to false-negative results in food safety
surveillance.

Purpose: The goal of this study was to use genome-wide association studies (GWAS) to identify genomic markers in E. coli that are associated with
Shigella inhibition.

Methods: Cell-free extracts from 462 E. coli isolates were spotted onto soft agar containing S. sonnei to identify isolates capable of interfering growth of
S. sonnei. Whole genome sequences were generated for E. coli isolates, and genes associated with Shigella-inhibiting E. coli were identified by GWAS using
Prokka for annotation and Roary for pan-genome analysis of draft genomes. Concordance between the presence/absence of genes and the observed
Shigella inhibitory phenotypes was evaluated using Scoary. Bacteriocins were identified in genomes by aligning open reading frames to the BAGEL4 data-
bases.

Results: S. sonnei inhibition was produced by cell-free extracts from 24.5% (113/462) of the E. coli tested. Most of the inhibitory isolates were recovered
from beef (52/113), poultry (26/113) and human clinical samples (23/113). Based on the GWAS, 319 putative genes were significantly associated with Shigel-
la inhibiting E. coli (Bonferroni-corrected p-value<0.05), including colicins E5 and 10, along with genes encoding colicin immunity proteins and lysis proteins,
and virulence factors such as the Shiga toxin type 1 gene (stx7).

Significance: The genes identified in this study could be used as targets for developing improved approaches for detecting Shigella from foods that miti-
gate the impact of interfering E. coli in enrichment cultures, thereby reducing false negatives in food testing programs. Furthermore, the colicins identified
in this study may also have therapeutic implications, as they have the potential to inhibit the growth of Shigella in various settings.

T5-03 Subtyping Evaluation of Salmonella Enteritidis Using Singlenucleotide Polymorphism and Core
Genome Multilocussequence Typing with Nanopore Reads

Chongtao Ge', Zhihan Xian?, Shaoting Li?, David A. Mann?, Feng Xu?, Xingwen Wu#, Silin Tang?, Guangtao Zhang?, Xiangyu Deng? and
Abigail Stevenson?
"Mars Inc., Beijing, China, 2University of Georgia, Center for Food Safety, Griffin, GA, 3Mars Global Food Safety Center, Beijing, China, *Mars Global Food
Safety Center, Huairou, Overseas, China

Introduction: Whole-genome sequencing (WGS) for public health surveillance and epidemiological investigation of foodborne pathogens predomi-
nantly relies on sequencing platforms that generate short reads. Continuous improvement of long-read nanopore sequencing, such as Oxford nanopore
technologies (ONT), presents a potential for leveraging multiple advantages of the technology in public health and food industry settings, including rapid
turnaround and onsite applicability in addition to superior read length.

Purpose: Using an established cohort of Salmonella Enteritidis isolates for subtyping evaluation, we assessed the technical readiness of nanopore long
read sequencing for single nucleotide polymorphism (SNP) analysis and core-genome multilocus sequence typing (cgMLST) of a major foodborne patho-
gen.

Methods: All Salmonella strains were sequenced on a GridlON sequencer and a NextSeq2000 sequencer. SNP and cgMLST were performed using ONT
and Illumina sequences respectively, and statistical analysis was conducted to compare the difference between ONT and Illumina.

Results: By multiplexing three isolates per flow cell, we generated sufficient sequencing depths in,7 h of sequencing for robust subtyping. SNP calls by
ONT and Illumina reads were highly concordant despite homopolymer errors in ONT reads (R9.4.1 chemistry). In silico correction of such errors allowed
accurate allelic calling for cgMLST and allelic difference measurements to facilitate heuristic detection of outbreak isolates.

Significance: Evaluation, standardization, and implementation of the ONT approach to WGS-based, strain-level subtyping is challenging, in part due to
its relatively high base-calling error rates and frequent iterations of sequencing chemistry and bioinformatic analytics. Our study established a baseline for
the continuously evolving nanopore technology as a viable solution to high-quality subtyping of Salmonella, delivering comparable subtyping performance
when used standalone or together with short-read platforms. This study paves the way for evaluating and optimizing the logistics of implementing the
ONT approach for foodborne pathogen surveillance in specific settings.
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T5-04 Genomic Structure and Diversity of SPV Virulence Plasmids and Hybrid MDR-SPV Virulence Plasmids
in Salmonella

Lucas Harrison, Cong Li, Errol Strain and Shaohua Zhao
FDA/CVM, Laurel, MD

Introduction: Here we evaluate the composition of 38 spv virulence operon encoding plasmids (spv-plasmids) recovered from Salmonella isolated from
retail meats, food animal cecal samples and diseased animals in the US.

Purpose: The purpose of this study was to evaluate the genetic diversity and structure of spv-plasmids carried by multiple Sa/monella serovars with
diverse AMR profiles.

Methods: Closed sequences of 38 Salmonella spv-plasmids from eight Salmonella serovars were evaluated for AMR genes, virulence genes and plasmid
Inc type using AMRFinder-plus and PlasmidFinder. Plasmids were grouped by genomic similarity through hierarchical clustering of plasmid pangenomic
loci identified by Roary and piggy.

Results: Plasmids were clustered into 10 groups, labeled A through J, containing 1-15 plasmids with a maximum of 5 plasmid replicon markers per plas-
mid. Plasmid groups A, B, C, D and G contained no AMR genes. Group A spv-plasmids (IncFlI(S)/IncFIB(S)) were found in Typhimurium, Typhimuirum(O5-),
Cholerasuis, and 14,[5],12:i:-. Group B, C and D spv-plasmids (IncFlI(S)/IncFIB(S)) were recovered from Enteritidis, Cholerasuis and Typhimurium, respective-
ly. Group G spv-plasmids (IncFlI(S)/IncX1_1) were exclusive to serovar Dublin. The remaining plasmid groups had unique AMR profiles. Group E spv-plas-
mids (IncFlI(S)/IncFIB(AP001918)) from Typhimurium(O5-) contained aph(3)-la, bla.,,, , and sul1. Group F spv-plasmids (IncFlI(S)/IncFIB(S)/IncHI2A) from
Cholerasuis and Typhimurium(05-) encoded aph(3“)-Ib, aph(6)-Id, bla..,,, and tet(B). The remaining plasmid groups (H, I, J) were only identified in S. Dublin.
Group H spv-plasmids (IncFIB(S)/IncX1_1/IncC) contained aph(3”)-Ib, aph(3)-la, aph(6)-1d, bla.,,, ,, floR, sul2 and tet(A). Group | spv-plasmids (IncFIA/IncC)
carried aph(3’)-Ib, aph(3’)-la, aph(6)-Id, bla..,, .. floR, sul2 and tet(A). The group J spv-plasmid (IncFII(S)/IncX1_1/IncFIB(AP001918)/IncFIA/IncC) carried aadA712,
aph(3’)-Ib, aph(3)-la, aph(6)-Id, bla.,,,. bla.,,, .. bla.,, .. floR, sul1 and tet(A).

Significance: Our findings show that the great diversity of Salmonella spv-plasmids follows patterns of serotype, AMR content and plasmid Inc type.
Evidence of hybrid AMR-spv-plasmids present the potential for enhanced transmissibility of virulent MDR Sa/monella strains and a significant impact on
public health.
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T5-05 Omics Techniques Application in Classification of Foodborne Pathogens Response to
Antimicrobials Treatments

Jaya Sundaram, Purvi Chatterjee and Jasdeep Saini
WTI, Inc., Jefferson, GA

Introduction: To inhibit the growth of pathogenic microorganisms in food, antimicrobial agents have been in use for a long time as secondary inhibitors
along with the traditional food preservation techniques. Recent developments in “Omics” technology show promising application in food safety to improve
pathogens detection, classification, characterization, and its response to stress at various environmental conditions and antimicrobials, new antimicrobial
developments etc.

Purpose: To review the Omics techniques; transcriptomics, proteomics, and metabolomics in assessing the foodborne pathogens response to antimi-
crobial treatments and discovering new antimicrobial food ingredients.

Methods: Omics techniques provide deep understanding of fundamental characteristics of foodborne pathogens like adaptation, virulence, antimicro-
bial resistance, and resistance to environmental stress factors. In the past decade, many studies have assessed the application of Omics techniques in
evaluating the stress and responses of bacteria at various conditions, like antimicrobials, water activity, pH, temperature etc.; this review is narrowed to
selected foodborne pathogens response and stress against antimicrobials. Omics techniques applied to study the response to antimicrobials and other
preservation techniques of major foodborne pathogens like Escherichia coli 0157:H7, Salmonella and Listeria monocytogenes research were reviewed here.

Results: Investigation on Listeria monocytogenes exposure to lactate and diacetate antimicrobials using transcriptomics techniques showed that the
synergistic effect of these ingredients shifted the fermentation pathways to produce acetoin, which acidify the cytoplasm, and produce less energy and
reduce the growth rate of Listeria monocytogenes. Omics studies assessed different pathogens in various food matrices showed that there is an increase
in expression of stress responses, and it has potential impact to pathogen resistance to the antimicrobial treatments and the pertaining environmental
changes in the food matrices.

Significance: Transcriptomics is useful in assessing the pathogens’ response to antimicrobials and its effect at molecular level to improve the food safety
and further applied to developing new effective antimicrobials.

T5-06 Genomic Analysis of Alicyclobacillus acidoterrestris and Alicyclobacillus suci Reveals Genetic
Differences That Could Contribute to Differences in Spoilage Potential

Katerina Roth and Abigail B. Snyder
Cornell University, Ithaca, NY

o%* Developing Scientist Entrant

Introduction: Alicyclobacillus acidoterrestris and A. suci produce the spoilage metabolite guaiacol and are closely related, but there is a gap in under-
standing about the genetic differences between these species.

Purpose: The purpose of this study was to: (1) identify genes unique to either A. acidoterrestris or A. suci and (2) assess potential single locus PCR targets
appropriate for differentiating isolates of these species.

Methods: A genome-wide association study (GWAS) was performed by annotating 34 A. suci and A. acidoterrestris assemblies using prokka v1.14.5.
Pangenome analysis was performed using panaroo v1.3.0. The genes identified by Scoary v1.6.16. with p-values <4.5x10-"°were assigned to Clusters of
Orthologous Gene (COG) categories using EggNOG-mapper v2. For the second objective, the 16S, gyrB, and rpoB gene sequences were extracted from the
WGS data of 31 Alicyclobacillus representing 9 species using a custom BLAST search. RAXML phylogenetic trees were constructed for each gene using 1,000
bootstrap replicates.

Results: The GWAS identified 194 genes unique to A. acidoterrestris and 161 genes unique to A. suci. The COG analysis of these genes found they were
involved in amino acid, ion, and carbohydrate transport and metabolism; transcription; and energy. A. suci was found to have an additional, unique gene
involved in defense and A. acidoterrestris was found to have additional, unique genes involved in cell cycle (n=2) and motility (n=1). The phylogenies gener-
ated from the rpoB and 16S gene sequences showed clear clustering by species. By contrast, the phylogeny generated from the gyrB gene sequence did
not well differentiate between A. acidoterrestris and A. suci.

Significance: The genes unique to either A. acidoterrestris or A. suci reveal patterns in metabolite transfer and metabolism, which has implications for
spoilage mitigation strategies. Single locus PCR targeting rpoB and 16S can be used to differentiate A. acidoterrestris and A. suci.

T5-07 Characterization of Low-Moisture Food Persistent Bacterial Populations and Impacts of Nutrient
Type, Moisture Ratio, and Relative Humidity

Manita Adhikari, Kavita Patil and Jennifer Acuff
University of Arkansas, Fayetteville, AR

Introduction: Minute amounts of moisture introduced to dry processing plants may be a source of pathogen contamination that result in persistent
bacterial populations (PBP) and subsequent recalls of low-moisture foods (LMF).

Purpose: The impacts of moisture, nutrient source, and relative humidity (RH) on the formation of LMF PBPs on stainless steel were characterized.
Methods for creating an LMF PBP were developed and compared for future work focused on inactivation of LMF PBPs.

Methods: Several methods were tested to determine a sound and reproducible method to form LMF PBPs. One method applied a pre-made slurry of
powder with the liquid Sa/monella Tennessee culture (14 g/10 ml). The second method sequentially applied 0.5 ml of Sa/monella Tennessee and nonfat
dried milk powder (NFDM) or silicon dioxide (SiO,) (0.1 or 0.4 g) to stainless steel coupons. Coupons were stored at 22 to 24°C at predetermined 30 to70%
RH, and Sa/monella was enumerated at predetermined dates for 0 thru 28 days.

Results: Salmonella persisted on stainless steel coupons as an LMF PBP. Survival was impacted by moisture, nutrient type, and nutrient-to-moisture
ratio. The Salmonella populations in NFDM was reduced by 2.4 and 2.9 log CFU/cm? at 30% and 44% RH, respectively, by inoculating slurries. In contrast,
over 7 days, the Salmonella populations in NFDM (0.5 ml: 0.4 g) decreased by 1.4 and 3.9 log CFU/cm? at 50% and 70% RH, respectively. Over 28 days, the
Salmonella populations in NFDM and SiO, (0.5 ml:0.4 g) reduced by 0.9 and 2.4 log CFU/cm? at 59% RH.

Significance: Determining effects of nutrient type, moisture/nutrient ratio, and relative humidity have on survival of pathogens in LMF PBPs will help
industry develop the best approaches for cleaning and sanitation of LMF processing environments. Developing a standard LMF PBP method will allow for
next steps of research to investigate eliminating LMF PBPs.

T5-08 Survival of Salmonella enterica Serovar Agona in Low-Moisture Environment

Sultana Solaiman’, lan Hines', Jie Zheng? and Maria Hoffmann3
'U.S. Food and Drug Administration - Center for Food Safety and Applied Nutrition, College Park, MD, 2U.S. Food and Drug Administration, Center for Food
Safety & Applied Nutrition, College Park, MD, 3US FDA, College Park, MD

Introduction: Salmonella enterica serovar Agona caused recurrent multistate outbreaks associated with cereal between 1998 and 2008, highlighting
the persistence of Salmonella over time in food processing facilities. Understanding the survivability and physiology of this pathogen in low moisture food
(LMF) and low-moisture environments is necessary for developing future intervention strategies.

Purpose: To determine the survivability and changes in morphology of S. Agona strain in low moisture environment and in LMF.

Methods: Salmonella Agona strains (CFSAN 000471 and 000477) linked to the two outbreaks of salmonellosis separated by ten years was selected for
the study. 100pl suspension with a concentration of ~10'° CFU/ml was inoculated in 10g of rice cereals. Three replications of inoculated and uninoculated
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(control) cereals with each strain were subjected to desiccation stress (aw < 0.25) for 30 days at room temperature (25°C). Inoculated cereal was sampled
for 15 timepoints post-inoculation. Cell morphology was examined in the desiccation state using Confocal Laser Scanning Microscopy (CLSM).

Results: Population levels of Salmonella were examined from inoculated cereals that underwent desiccation stress for 30 days. Right after inoculation,
approximately 9 log CFU/g Salmonella cells were recovered. Population of Sa/monella was then gradually decreased by 2 log CFU/g within 8 hours of drying
(P>0.05). However, after initial reduction, Sa/monella population remained at ~7to 8 log CFU/g for 30 days. A tailing effect in the survival curve of S. Agona
was observed indicating the existence of a resistant subpopulation within the main population. Changes in cell morphology were observed under desicca-
tion stress.

Significance: These data suggest that very low humidity provides favorable environment for Salmonella Agona survival on cereal, suggesting the impor-
tance of proper sanitization for low moisture food processing environment.

T5-09 Inoculum Growth Method Impacts the Survival Kinetics of Salmonella and Shiga-Toxin Producing
Escherichia coli inoculated onto Wheat Grain

Yawei Lin, Carolyn Peterson and Teresa M. Bergholz
Michigan State University, East Lansing, MI

0:0 Developing Scientist Entrant

Introduction: Outbreaks in low moisture foods increased interest in evaluating Salmonella and Shiga toxin-producing Escherichia coli (STEC) survival
kinetics in low water activity environments. Studies have shown inoculum prepared with the surface growth impacted the population stability and inactiva-
tion kinetics of Salmonella.

Purpose: Quantify and model the survival kinetics of Salmonella and STEC on wheat grain using four different inoculum growth methods.

Methods: Three strains of Salmonella (serovars Agona, Enteritidis, and Mbandaka) and three strains of STEC (serotypes O157:NM, 026:H11, and
0121:H19) were inoculated onto wheat at 8 log CFU/g using different inoculum growth methods: aerobic liquid growth in LB (L+), aerobic and anaerobic
surface growth on LB agar (S+/S-), and aerobic surface growth on tryptic soy +1% glucose agar for acid-adaptation (SA+). After inoculation, a, was adjusted
to 0.45. Bacterial populations were quantified by plate count after inoculation, after water activity equilibration (Day 2), and during storage at 20°C, 65% RH
for up to six months. Weibull-Mafart's model was used to fit the inactivation of Sa/monella and STEC populations after water activity equilibration.

Results: After equilibration, a,, of wheat grain was 0.47+0.02 and remained stable during storage. Differences in inactivation rates were found to vary
by inoculum growth method. The first decimal reduction ranges from 14.2 to 34.5 days for L+, 26.0 to 73.6 days for S+, 20.1 to 60.7 days for S-,and 17.4
to 57.2 days for SA+. Pathogens grown using the L+ method had significantly lower survival rates on wheat compared to those prepared by S+ and S-. S.
Enteritidis survived significantly better than S. Agona and STEC on wheat when the inoculum was prepared with the S+ and S- methods.

Significance: Survival kinetics of Sa/monella and STEC on wheat grains are impacted by the inoculum growth method; differences between species and
within species among isolates were also observed.

T5-10 Developing Predictable Thermal Treatments for Control of Salmonella in Low-Moisture Foods Using
Kinetic Models That Include Water Activity as a Key Parameter

Ren Yang', Juming Tang', Mary Galloway? and Zachary Cartwright?
"Washington State University, Pullman, WA, 2ADDIUM, Inc., Pullman, WA

Introduction: It is well known that pathogens are difficult to control in low-moisture foods. The wide range of low-moisture food products produced by
different processing operations presents a major challenge for the food industry in coming up with a unified approach to develop predictable and effective
thermal treatments. We have recently established quantitative relationships between dynamically changing water activity (with temperature) in low-mois-
ture food with log-reduction value (D-value) of several bacterial pathogens, including Salmonella, in different matrices over a wide temperature range.
Guided by such knowledge, we were able to systematically develop predictable thermal treatments for different applications. In this presentation, we will
present three case studies in which predictable thermal treatments for the control of Salmonella were developed and validated with the help of thermal
death kinetic data that include the influence of food water activity or environmental relative humidity (RH).

Purpose: Demonstrate the use of kinetic models, that included water activity as a parameter, in developing and validating three different thermal treat-
ments for pathogen control in low-moisture foods.

Methods: Pilot-scale thermal treatments for control of Sa/monella were developed for the three cases: 1) treating wheat flour in sealed packages using
RF bulk heating; 2) treating peppercorn using controlled high relative humidity hot air; 3) using a high relative humidity, relative short-time treatment step
before applying conventional drying. The treatments were developed based on kinetic models that included water activity as a key process parameter and
validated in inoculation tests.

Results: The results indicate that in all three cases, the thermal inactivation of Salmonella was successfully predicted with a model using three parame-
ters: temperature, RH (or high-temperature water activity of the food), and time.

Significance: This study has demonstrated the feasibility of using kinetic models that include water activity as a key parameter to develop predictable
pasteurization treatments for different low-moisture food commodities.
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T5-11 Optimization of Vaporized Hydrogen Peroxide Inactivation of Salmonella in Dried Basil Leaves by
Central Composite Design

Surabhi Wason' and Jeyam Subbiah?
"University of Arkansas, Fayetteville, AR, 2University of Arkansas, Division of Agriculture, Fayeteville, AR

o%* Developing Scientist Entrant

Introduction: Recent foodborne illness outbreaks associated with the consumption of low moisture foods such as spices and herbs have emphasized
concerns over microbial food safety.

Purpose: The objective of this study is to investigate the efficacy of vaporized hydrogen peroxide (H,0,) in inactivating Salmonella enterica in dried basil
leaves immediately after processing and during storage post H,0, treatment. Enterococcus faecium NRRL B-2354 was evaluated for its suitability as a surro-
gate of Salmonella.

Methods: Central composite design was used for optimizing the H,0, processing parameters at two temperatures (32, 35 °C), and variables such as
injection rate (2-6 g/min), gassing time (4-55 min), dwell time (1-30 min) with five levels for Sa/monella and E. faecium inactivation in dried basil leaves. Bac-
terial reduction was also evaluated during storage for a week after H,0, treatment.

Results: Maximum average log reductions of Salmonella (2.65 log CFU/g) and E. faecium (4.45 log CFU/g) were achieved when samples were treated at an
injection rate of 4 g/min for 55 min followed by dwell for 15 min (CTP=1710 ppm-h). E. faecium was not a suitable surrogate for H,0, in dried basil leaves.
Due to a smaller range of response variable (log reduction), the response surface models did not perform well. Though H,O, treatment did not provide the
desired log reduction immediately, storage after processing significantly reduced Salmonella. Desired 5-log reduction was achieved in the treated samples
after 7 days of storage at ambient conditions after H,0, treatment at 6 g/min for 30 min. A significant difference was observed in the color value of H,0,
treated and untreated samples. However, the H,O, treatment did not significantly impact the total phenolics and antioxidant activity of dried basil leaves.

Significance: Extended storage (7 days) post H,O, treatment enhanced microbial inactivation and can be considered to design decontamination strate-
gies for spices and herbs. This treatment could be used by industries to improve the safety of dried basil leaves.
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T5-12 Salmonella Public Health Challenge and Its Near-Zero Detection Paradox in Low-Water Activity
Food: A Linear Mixed Effects Modelling of 9656 Flours

Temitope Cyrus Ekundayo and Oluwatosin Ademola ljabadeniyi
Department of Biotechnology and Food Science, Durban University of Technology, Durban, South Africa

Introduction: Salmonella outbreaks linked with different serovars in low water activity foods such as flours has increased globally. But continuous mon-
itoring efforts of Sa/monella in flour though limited usually returns nil or near-zero detection. Hence, it is of public health interest to unravel this contradic-
tion.

Purpose: This study aimed to determine potential factors that impact accurate detection/prevalence of Salmonella in 9656 flour samples.

Methods: Salmonella-flour specific data mined from five mega-databases (>40 linked repositories) using all-inclusive algorithms were logit-standardised
and fitted to a linear mixed-effects model (LMM). The LMM was further examined for robustness via leave-one-out cross-validation. A mixed-effects univar-
jate/multivariate meta-regression accompanied with 1000 permutation test was used to assay the influence effects of variables.

Results: The global prevalence of Sa/monella in flours was 1.51% [95%Cl: 1.29 tp 1.78] with a prediction interval of 0.00 to 61.52%. The cross-validation
yielded 1.09% [0.89 to 1.32]. The regional prevalence of Sa/monella in flour was not significantly different (P=0.66) with the highest from Asia (4.94% [0.41
to 39.67]), followed by North America (1.20% [0.91 to 1.58]), South America (0.89% [0.00 to 99.64]), 0.00% [0.00 to 100.00] in Africa, Australia, and Europe.
Method, sample size (n), continent, and N+method accounted for 0.33% (Fm 0.0074, P=0.93), 9.29% (Fm =0.87, p =0.37), 87.63% (F, ,=8.04, P=0.16), and
12.70% (F2,20=O.51, P=0.63) variance respectively, on the detection/prevalence of Salmonella in the flours. At least, a three-factors multivariate of continent,
flour type, n, and method accounted for 100% variance in Salmonella detection with a significant moderator influence.

Significance: This study concluded that sample size, method, continent (probably climate and human development index, etc.), and their interaction
affect the detection of Sa/monella in flours. It is recommended that surveillance efforts with improved methodological approach for detection of Salmonella
in flours be strengthened across regions.

T6-01 Machine Learning, Al, and Confirmation Bias in Crowdsourced Foodborne lliness Reporting

Patrick Quade
Dinesafe.org, Austin, TX

Introduction: Crowdsourcing is an emerging source of data for foodborne illness investigation. Valuable signals exist in crowdsourced data, however
interpretation can be complicated by confirmation bias, or the tendency for evidence to be used in a manner that confirms or supports a particular view or
hypothesis.

Purpose: Using two case studies as examples, identify considerations when analyzing crowdsourced data, with a focus on handling confirmation bias.
Methods: A sample of 8,300 crowdsourced reports (2018 thru 2022) of potential food-associated illnesses from iwaspoisoned.com, were reviewed. Ex-
ample 1 consisted of 7,660 complaints (associated with 9,156 illnesses; reported Jan 1, 2018, thru Dec 31, 2022) about gastrointestinal illness (Gl) seemingly
associated with a single dry cereal product brand. Example 2 included an examination of 640 complaints (845 ilinesses; reported Jan 1 thru Dec 31, 2018)
of potential Gl linked to a restaurant chain in Ohio (United States). These datasets were analyzed for anomalies using machine learning and cluster analy-

sis, which were then further processed to identify potential confirmation bias by identifying potential sources of bias.

Results: In Example 1, a four-month-long national investigation failed to identify the causative agent. For Example 2, a two-month long investigation by
state and federal partners revealed Clostridium perfringens as the cause of the illnesses. The website iwaspoisoned.com provided signals, complainant
contact information and report data which aided in the epidemiological investigations for both examples. Confirmation bias was present in both examples,
primarily due to news media coverage, and measures to address this were evaluated by examining the dates of media coverage and the timestamps of the
user reports.

Significance: The examples demonstrate that the strength of a ‘valid’ signal obtained by crowdsourcing can vary greatly and can depend on the context,
and confirmation bias must be considered, especially in cases with media coverage.

T6-02 Predicting Vibrio parahaemolyticus Concentration in Seawater and Oysters Using Machine Learning

Shuyi Feng', Shraddha Karanth', Esam Almuhaideb?, Salina Parveen? and Abani Pradhan’
"University of Maryland, College Park, MD, University of Maryland Eastern Shore, Princess Anne, MD

0:0 Developing Scientist Entrant

Introduction: Vibrio parahaemolyticus is a naturally occurring halophilic bacterium mainly found in the estuarine environments and transmitted to hu-
man through the consumption of raw or mishandled seafood, especially oysters. The increase in illnesses and outbreaks caused by this bacterium makes
it a global concern.

Purpose: The purpose of this study was to determine the efficacy of different machine learning algorithms in investigating the effects of environmental
parameters on V. parahaemolyticus concentration in seawater and oysters.

Methods: V. parahaemolyticus concentration in seawater and oyster samples collected from Delaware and Maryland, and environmental parameters
during the time of collection were used to build the predictive models. Different machine learning algorithms (random forest (RF), support vector machine
(SVM), elastic net, neural network (NN), k-nearest neighbors (KNN), and extreme gradient boosting (XGB)) were compared to identify the best fit based on
accuracy statistics. The SHapley Additive exPlanations (SHAP) method was subsequently used to analyze the relative importance of environmental vari-
ables in predicting V. parahaemolyticus concentration.

Results: RF had the best regression statistics (R*=0.75) among all the machine learning methods we used. According to SHAP analysis, the concentration
of chlorophyll a, followed by turbidity and conductivity, were ranked as the top three most important variables contributing to the levels of V. parahaemo-
lyticus in seawater samples.

Significance: Based on the results, machine learning is a good approach at predicting the concentration of V. parahaemolyticus based on environmental
parameters. The identified important variables in this study could help manage the risk associated with V. parahaemolyticus, thereby reducing its public
health burden.

T6-03 Applications of Multispectral Imaging (MSI) Coupled with Machine Learning for the Evaluation of
Food Microbiological Quality and Authenticity

Anastasia Lytou’, Lemonia-Christina Fengou’, Nette Schultz?, Fady Mohareb?, Jens Michael Carstensen* and George - John Nychas®
Agricultural University of Athens, Athens, Greece, *Videometer, Copenhagen, Denmark, 3School of Water, Energy & Environment Cranfield University,
Bedfordshire, United Kingdom, “Videometer A/S, Herlev, Denmark, *Agricultural University of Athens, Athens, Attica, Greece

Introduction: Multispectral imaging in the food industry has been proven to be extremely valuable since it can be used to evaluate several parameters.

Purpose: To estimate microbial quality and food fraud of several foodstuffs by implementing Multispectral Imaging (MSI) in tandem with different
regression/classification models.

Methods: MSI analysis was performed using a VideometerLab instrument (Videometer A/S, Videometer, Herlev, Denmark) for more than 8,000 food
samples. In brief, various animal (4400) and plant (1400) origin food commodities were analyzed microbiologically (total aerobic counts (TAC)), whereas
about 2000 samples were collected covering different food fraud scenarios, such as mislabeling and adulteration. Subsequently partial least square regres-
sion (PLS-R), support vector machines (SVM), tree-based algorithms applied on data for feature selection and the development of regression/classification
models. The root mean squared error (RMSE), coefficient of determination (R?) and accuracy score of the test set or external validation were used for the
evaluation of models’ performance.
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Results: Several algorithms e.g., SYM, Random Forest (RF) and PLS-R were used. In fact, the acquired measurements in tandem with SVM provided 90%
accuracy scores for the prediction of different levels of pork in chicken meat and for the discrimination of fresh from frozen chicken thigh fillets. Also, the
presence of bovine offal in beef was successfully detected. However, the discrimination of adulterated cooked beef samples was poor and further analysis
is needed. In the case of discrimination of seabass and seabream fish the accuracy was >93% using RF. Regarding microbial counts (TAC) the analysis with
PLS-R was found to be satisfactory with RMSE of the test set being <0.80 log CFU/g for chicken and beef. This was also the case in the estimation of micro-
bial populations in brown edible seaweed (R? 0.80; RMSE, 0.90).

Significance: MS| data coupled with machine learning algorithms exhibit potential towards efficient detection of food fraud and microbial counts esti-
mation in various foodstuffs. This work has been funded by the project DITECT (861915).

T6-04 Validation of a Competition and Dynamic Model for Salmonella Growth in Raw Ground Pork during
Temperature Abuse (10 to 40°C)

Manirul Haque, Bing Wang and Byron Chaves
University of Nebraska-Lincoln, Lincoln, NE

Introduction: Pork is responsible for 8 to 13% of over one million annual foodborne salmonellosis cases in the US. To predict the growth of Salmonella
more realistically in pork, it is essential to validate competition models incorporating background microbiota.

Purpose: To validate a competition and dynamic model for the growth of Salmonella in raw ground pork during temperature abuse.

Methods: A five-strain cocktail of Salmonella (3 to 4 log CFU/g) was inoculated into raw ground pork at two fat levels (ca. 5 and 25%). Five-gram inoculat-
ed pouches were submerged in water baths (10, 15, 20, 25, 30, and 40 °C) for 25 to 440 h. Cells were recovered on XLD agar for Salmonella and 3M Aerobic
plate count (APC) a. The Jameson-No lag Buchanan model was fitted to the experimental data. Maximum growth rates (u_max) were modeled as a function
of temperature using a Cardinal parameter equation. The differential form of the Baranyi model with the Cardinal parameter equation was solved numer-
ically using fourth order Runge-Kutta method in MicroRisk®. The dynamic model was validated using sinusoidal dynamic temperature profiles. Root mean
squared error (RMSE) and Acceptable Prediction Zone (APZ) method were used to evaluate the model performance.

Results: The competition model was well fitted to the experimental data having 92% (496/540) residual errors within the desired APZ. The and the
maximum population density were not different for two fat levels. The theoretical minimum and optimum growth temperature estimated by the Cardinal
parameter model was 5.5 °C and 35°C, respectively. The simulated dynamic model showed good performance (pAPZ=0.96) in the prediction of the sinusoi-
dal temperature of the experimental data.

Significance: Industry and regulators can use the results of the validated models to develop appropriate risk assessment and mitigation strategies to
improve the microbiological safety of raw pork products.

T6-05 Identifying Stress Response Signatures in Salmonella enterica Isolates Using Machine Learning and
Transcriptomics Data

Shraddha Karanth', Edmund O. Benefo? and Abani Pradhan’
"University of Maryland, College Park, MD, 2University of Maryland, Department of Nutrition and Food Science, College Park, MD

Introduction: Recent years have seen major advances in using ‘omics’ data to characterize the molecular basis of foodborne pathogen behavior to
improve food safety. Moreover, identifying the genetic and phenotypic bases of pathogen behavior under infection and food environmental conditions can
help improve the accuracy of microbial predictive models, specifically in pathogens with high intra-species diversity, such as Salmonella enterica.

Purpose: Survival- and stress response-related signatures of Sa/monella enterica were characterized using machine learning-based analysis of transcrip-
tomic (RNA-Seq) data.

Methods: RNA-Seq transcriptomics data for Salmonella enterica serovars Typhimurium and Enteritidis subjected to food environment-related stressors
was obtained from public repositories and prior in vitro transcriptomics studies with simulated bacterial stress conditions. The efficacy of random forest
(RF), support vector machine (SVM), Logit Boost, and Elastic Net (EN) classification algorithms to classify Sa/monella isolates into groups based on differen-
tial gene expression signatures was tested. Elastic Net regression was further used to identify the most impactful genes associated with Salmonella stress
and survival response.

Results: The best performing model was identified using confusion matrix statistics and the area under the receiver operating characteristic curve (AUC-
ROC). The best performing model was Elastic Net (AUC-ROC=0.72; classification accuracy=0.68). Elastic Net identified 35 genes that were important to the
model, among which eight were identified as being statistically significant. Further regression analyzing for serovar-specific and stress response-specific
signatures identified 29 and 31 genes significant for temperature and pH stress, respectively (P<0.05) in Salmonella Enteritidis.

Significance: Transcriptomics analyses help in characterizing gene expression under specific conditions encountered by pathogens, transcending gene
presence/absence information. Using such data, machine learning-supported weighted regression predicts Salmonella enterica host environment-related
stress with high accuracy. These models help reevaluate the overall survivability of bacteria in food systems. This could help in characterizing bacterial
survival from farm-to-fork to help in revising current microbial risk assessments.
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T6-06 A Novel Framework to Estimate Salmonella Dose-Responses Accounting for Genomic Serovar
Virulence and Exposures from Food Sources

Francisco Zagmutt, Régis Pouillot, Jane Pouzou, Daniel Taylor and Solenne Costard
EpiX Analytics, Fort Collins, CO

Introduction: Quantitatively valuating microbial criteria (MC) that differentially target virulent serovars requires dose-response (DR) models that account
for virulence differences.

Purpose: to develop a framework to derive DR functions for serovar groups based on genetic virulence factors amenable to non-typhoidal Sa/monella
(NTS) risk assessments.

Methods: We fitted an unsupervised random forest to group NTS serovars into higher virulence (HV) and lower virulence (LV) groups based on genetic
virulence factors. We then estimated a beta-Poisson DR function for the HV serovars using a hierarchical Bayesian framework based on published out-
break data linked to HV strains. Using beef and poultry attributed salmonellosis as a model, we scaled up/down the DR model for the LV serovar groups via
multipliers that adjusted for the relative risks of illness from food exposures to serovars from each group.

Results: 36,647 NTS strains submitted to NCBI were used to derive virulence groups. US regulatory isolates from beef (1,452) and poultry (13,537)
products, together with 792 NTS outbreaks with an identified food source were used to calculate the multipliers. The proportion of HV serovars was 27.7%
(95%Crl1:18.3-38.8%) in beef and 33.4% (31.7-35.2%) in poultry samples. In contrast, HV serovars represented 67.6% (43.1-87.2%) of beef and 71.3% (57.8-
82.8%) of poultry outbreaks. Weighting by consumption (34% beef, 66% poultry) resulted in a multiplier of 2.3(1.8-2.7) for HV serovars and 0.39 (0.24-0.56)
for LV. Resulting DR functions exhibit large differences. For example, the probability of iliness (P,) following consumption of an average of 10 CFU of LV se-
rovars was 1.3% (0.4%-4.5%), whereas P, was 9.8% (4.0-25.5%), or 7.4 times larger for HV serovars. This ratio approaches the 2.3 multiplier at CFU/g > 10°.

Significance: Our novel framework pairing genomics and DR modeling can be applied to any DR function or source of foodborne NTS. This is essential
for risk assessments evaluating MC differentially targeting virulent NTS serovars.
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T6-07 A Quantitative Microbiological Risk Assessment for Relative Impact of Peripheral Lymph Nodes on

Salmonella Due to Consumption of Ground Beef in the U.S.

Ilhami Okur’, Dayna Harhay?, John Schmidt?, Annette O’Connor3, Terrance Arthur? Xiang Yang®, Omar A. Oyarzabal® and Bing Wang'
"University of Nebraska-Lincoln, Lincoln, NE, 2U.S. Meat Animal Research Center, USDA ARS, Clay Center, NE, 3Michigan State University, East Lansing, M,
4U.S. Department of Agriculture - ARS, U.S. Meat Animal Research Center, Clay Center, NE, *University of California Davis, Davis, CA, ®University of Vermont,
South Burlington, VT

0:0 Developing Scientist Entrant

Introduction: The inclusion of peripheral lymph nodes (PLNs) contaminated with Sa/monella in fresh ground beef production may pose risks to public
health. The adoption of PLN-targeting interventions heavily relies on a thorough assessment of their efficacies in achieving expected food safety and public
health objectives, which requires a quantification of the relative contribution of PLNs to salmonellosis risks.

Purpose: Quantify the relative contribution of PLNs on salmonellosis risk associated with ground beef consumption using a quantitative microbial risk
assessment (QMRA) approach.

Methods: A QMRA model in a processing-to-table continuum of ground beef processing was developed covering four modules from fabrication and
trimming, grinding and partition, through transportation and storage, till preparation before consumption. The risk metric was measured as annual inci-
dence cases of salmonellosis in 100,000 population in the U.S. Second-order Monte Carlo simulation using @Risk software was conducted to evaluate the
influence of PLNs-related variables.

Results: The annual incidence of salmonellosis cases per 100,000 people in the U.S. attributable to ground beef consumption was estimated as 49.3
(90% Cl: 45.2 to 53.4%) for cull cattle and 6.7% (90% Cl: 6.1 to 7.2%) for fed cattle. Sensitivity analysis results showed cooking temperature was the most
influential factor on reducing salmonellosis cases. According to relative impact results, PLNs-related factors had the lowest impact on the risk estimate,
compared to other factors, i.e., non-PLN ones (e.g., the contamination originating from the carcass surface) and consumers-related ones (e.g., the food
preparation and hygiene practices), indicating the removal of PLNs can be related to a reduced risk but may not be as effective as the other interventions.

Significance: The present study allows for the quantification of PLNs' contribution to Sa/monella infections from ground beef consumption and offers
the possibility to adopt PLN-related interventions by considering their effectiveness in public health protection and acceptance of implementation costs.

T6-08 A Novel Quantitative Microbial Risk Assessment Framework Incorporating Genomic Virulence to
Assess the Public Health Impact of Alternative Microbial Criteria for Salmonella in Beef

Jane Pouzou, Régis Pouillot, Solenne Costard, Daniel Taylor and Francisco Zagmutt
EpiX Analytics, Fort Collins, CO

Introduction: Current US microbial criteria (MC) for beef treat all Sa/monella serovars equally. Yet, as variation in Salmonella serovar virulence exists, MC
increasing sampling while differentially targeting serovars in beef may be more efficient in reducing the burden of salmonellosis.

Purpose: To conduct a quantitative microbial risk assessment (QMRA) evaluating the public health impact of alternative MC for Salmonella in beef incor-
porating concentration, virulence, and increased sampling.

Methods: We developed a QMRA model to assess the impact on incidence of salmonellosis of different scenarios of MC based on proportion of pro-
duction units - known as combos - tested (Testp), load thresholds per 325g samples (LOD), and differential targeting of the “higher” (HV) and “lower” (LV)
virulence serovars. These MC scenarios were compared against a baseline with current FSIS testing schedule (Testp=0.02%) with all Sa/monella treated
as adulterant (i.e., LOD=1 CFU/325g, all positive combos diverted). The QMRA incorporates a novel genomic method to group serovars by virulence, and
group-specific Salmonella dose-response curves to reflect differences in HV and LV infectivity.

Results: |liness reductions >25% can be achieved for Testp >75%, and LOD of 1 or 10 CFUs/325g sample. For example, a mean reduction of 57%
(95%Pr|=47.6-63.5%) is predicted with Testp=100% at LOD=10 CFUs/325g. At high Testp, predicted illnesses were similar while the proportion of combos
diverted was larger for LOD=1 vs LOD=10 CFUs/325g (e.g., 0.41% vs 0.07% with Testp=100%). MC targeting only HV serovars achieved a statistically equiv-
alent illness reduction as MC targeting both HV and LV, but with less diverted combos. For example, only applying the LOD of 10 CFUs/325g to HV with
Testp=100% led to a mean reduction of 50% (39.4-57.5%) and 0.02% of combos diverted.

Significance: Testing a high proportion of combos while targeting HV serovars at an LOD of <10CFUs/sample can significantly reduce human salmonel-
losis compared to the baseline FSIS testing schedule.

T6-09 Comparison of Source Attribution Methodologies for Human Campylobacteriosis

Maja Lykke Brinch', Tine Hald?, Lynda Wainaina3 Alessandra Merlotti4, Daniel Remondini®, Clementine Henri® and Patrick Murigu
Kamau Njage’
'Research Group for Foodborne Pathogens and Epidemiology, National Food Institute, Technical University of Denmark, Lyngby, Denmark, >National Food
Institute, Denmark Technical University, Lyngby, Denmark, 3Department of Mathematics, University of Padova, Padova, Italy, *Department of Physics and
Astronomy, University of Bologna, Bologna, Italy, >Department of Physics and Astronomy, Bologna, Italy, ®Research Group for Foodborne Pathogens and
Epidemiology, National Food Institute, Lyngby, Denmark, "Research Group for Genomic Epidemiology, National Food Institute, Denmark Technical University,
Lyngby, Denmark

Introduction: Different methodologies such as machine learning, network analysis and bayesian methods have proven valuable in microbial source
attribution using the increasingly available and complex structured genome sequencing data (WGS)while inputting WGS outputs such as multilocus se-
quence typing (MLST), core genome multilocus sequence typing (cgMLST), K-mer, and single-nucleotide polymorphism.

Purpose: This study compares the performance of the different approaches for utilisation of WGS in source attribution to improve the resolution of
source attribution models.

Methods: We compared the source attribution methodologies for different WGS data inputs cgMLST and K-mers (5-Mers and 7-Mers)) using machine
learning, network analysis, and a bayesian approach using Campylobacter spp. as a case study.

Results: The network analysis algorithm had an accuracy value of 78.99% coherence source clustering and an F1- score value of 67%. However, the ma-
chine learning algorithm showed the highest accuracy (98% accuracy). Network analysis approach with S5mer attributed 965 cases while machine learning
all 1224 human cases to their most probable animal sources. Poultry were the primary cause of human campylobacteriosis with an average percentage
probability of attribution of 45.8% when bayesian approach was used based on 7-Mer as input and 65.4% for machine learning based on cgMLST data.

Significance: While the different source attribution methodologies based on WGS vary in performance, machine learning methods have the potential
to utilize the increasingly available and complex structured WGS data for higher resolution surveillance and monitoring of Campylobacter. The models
described can easily be adapted to other pathogens to prioritize and evaluate interventions.
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T6-10 An Innovative Approach for Assessing Source Attribution of Foodborne llinesses: Understanding
the Risk to Inform Decision-Making

Romina Zanabria', Alexandre Leroux’, Elisabeth Mantil', Nadia Zaid? Evelyne Prairie?, Genevieve Comeau*, Nassim Haghighi', Sylvain
Quessy®, Julie Arsenault®, Jeffery Farber®, Aamir Fazil’, Richard Holley8, Martin Duplessis®, Sylvain Charlebois™, Tom Gill'°, Anna
Mackay' and Manon Racicot*

"Canadian Food Inspection Agency, Ottawa, ON, Canada, *Université de Montréal, Montreal, QC, Canada, *Canadian Food Inspection Agency, Quebec, QC,
Canada, “Canadian Food Inspection Agency, St-Hyacinthe, QC, Canada, *Université de Montréal, St-Hyacinthe, QC, Canada, ®Department of Food Science,

University of Guelph, Guelph, ON, Canada, "Public Health Agency of Canada, Guelph, ON, Canada, 8University of Manitoba, Winnipeg, MB, Canada, °Food
Directorate, Health Canada, Ottawa, ON, Canada, '°Dalhousie University, Halifax, NS, Canada, "' Canadian Food Inspection Agency, Montreal, QC, Canada

Introduction: Foodborne illnesses represent significant public health concerns so it is essential to identify the causative pathogens and food sources to
implement adequate control measures. Within this context, the Canadian Food Inspection Agency developed the Establishment-based Risk Assessment
(ERA)-Food model that considers the type of food manufactured, to allocate inspection resources to the highest risk areas.

Purpose: As part of the model continuous update, a new approach for foodborne ilinesses’ source attribution was designed considering food availabil-
ity and serving size consumed by Canadians as a measure of exposure. This helped experts compare the risk across commodities/sub-products for each
pathogen using an equal available serving size.

Methods: Using an interactive questionnaire, two consultations involving 37 food safety experts were designed to determine the (1) relative contribution
of 18 commodities to foodborne illnesses in Canada caused by 17 pathogens, and (2) source attribution at the sub-product level for 34 pathogen-com-
modity combinations responsible for the majority of the health burden. Weighted medians and 95% confidence intervals were calculated, along with the
non-parametric Mann-Whitney U test to evaluate differences as a function of the experts' experience and work affiliation.

Results: Results identified the strongest contributors to Canadian foodborne ilinesses with varying levels of certainty depending on the pathogen-food
combination. Compared to previous studies, a greater number of yearly cases per available serving size of Campylobacter in poultry products (+17%), and
E. coli 0157 in beef products (+29%) were observed. Also, experts' estimates were not significantly impacted by their years of experience in food safety (i.e.,
<20y vs 220 y) when attribution was done at the commodity level, but eight were significantly impacted (P<0.05) at the sub-product level (e.g., beef-Listeria
monocytogenes).

Significance: Results of this study were incorporated into the ERA-Food model to improve its ability to prioritize and to efficiently allocate inspection
resources based on risk.

T6-11 Performance Assessment of the Canadian Food Inspection Agency’'s Importer Risk Assessment
Model: Application on Importers of Fruits and Vegetables (Fresh and Processed)

Tamazight Cherifi', Alexandre Leroux?, Nassim Haghighi?, Elisabeth Mantil?, Ronald Joseph', Sylvain Quessy®* and Romina Zanabria?
"Canadian Food Inspection Agency, St-Hyacinthe, QC, Canada, >Canadian Food Inspection Agency, Ottawa, ON, Canada, 3Université de Montréal, St-
Hyacinthe, QC, Canada

Introduction: The Canadian Food Inspection Agency (CFIA) has developed an Importer Risk Assessment (IRA) model to assess the food safety risk of
importers and proactively respond to emergent risks linked to food trade globalization.

Purpose: A performance assessment of the IRA model was conducted, testing the algorithm on importers of fruits and vegetables and evaluating the
level of agreement between the assessment completed by senior inspectors and the risk results generated by the model.

Methods: A one-year importers’ dataset related to the inherent and mitigation IRA risk factors was extracted in addition to compliance factors collected
from CFIA databases, and used to run the algorithm. Thirty-two importers were randomly selected using the volume as a strata. Seventeen CFIA ex-
perts participated on a voluntary basis, and each of them categorized ten importers including two controls (low and high risk) into five risk categories. A
Spearman correlation analysis was conducted on the inherent, mitigated, and final risk results, and a t-test was used to test the significance of difference
between the correlations.

Results: Sixty-five percent of participating experts had over 10 years' experience in food safety and their background varied (i.e., 29% food science, 30%
biology/microbiology, 6% animal science and veterinary). When assessing the final risk assessment done by the IRA model and the experts, a significant
correlation was found (0.70, P<0.05). For the two remaining model's components (inherent and mitigated risk), results also showed a high (0.80, P<0.05)
and moderate (0.53, P<0.05) positive correlation respectively.

Significance: These findings suggest an adequate performance of the CFIA's IRA model on assessing the risk of food importers. This tool will be imple-
mented by the agency to guide the allocation of inspection resources.
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T6-12 Qualitative Risk Assessment of Viable-but-Nonculturable Escherichia coli 0157:H7 and Salmonella
enterica Serovar Typhimurium on Field-Grown Romaine Lettuce
Jinxin Liu’, Kaidi Wang', Luyao Ma? and Xiaonan Lu'

"McGill University, Sainte-Anne-de-Bellevue, QC, Canada, 2University of California, Davis, Davis, CA

Introduction: Leafy green vegetables are recognized as the potential vehicles for foodborne pathogens such as Escherichia coli 0157:H7 and Salmonella
enterica serovar Typhimurium. Both bacteria can enter a viable-but-nonculturable (VBNC) state to evade the conventional culture-based detection and sur-
vive under unfavorable conditions, posing a great challenge to food safety. Risk assessment is an effective way to evaluate the potential threats of VBNC
pathogenic bacteria on fresh produce.

Purpose: This study aimed to assess the risk of VBNC E. coli 0157:H7 and S. Typhimurium on Romaine lettuce during pre-harvest, processing and stor-
age stages.

Methods: Culturable and VBNC E. coli 0157:H7 and S. Typhimurium were separately inoculated on Romaine lettuce grown in the field plots, and their
amounts were monitored during 21-day post-inoculation, post-harvest processing and storage at 4°C and 12°C, respectively. Qualitative risk assessment
was performed using a risk table method. The risk levels of the critical control points were assessed based on its probability of occurrence and severity.

Results: VBNC E. coli 0157:H7 and S. Typhimurium showed high resistance to stresses and the ability to resuscitate during the field-grown stage, indi-
cating a higher potential risk level compared to the culturable counterparts. Washing with chlorinated water after harvest effectively reduced the risks of
these two pathogens from high to low level. Risk levels for both bacteria increased to medium level after one week storage and E. coli 0157:H7 showed a
higher risk level than S. Typhimurium. Storage at 12°C also increased the risk of both pathogens compared to that at 4°C.

Significance: The risk of VBNC E. coli 0157:H7 and S. Typhimurium on field-grown Romaine lettuce was qualitatively evaluated, providing a better under-
standing of the threat of VBNC pathogens on fresh vegetables and useful guidance on effective control strategies.

T7-01 No-Enrichment Listeria spp. Detection Tool for Environmental Pathogen Monitoring
Lei Zhang, Jessica Wood, Debra Foti, Esteban Valverde Bogantes and Preetha Biswas
Neogen Corporation, Lansing, Ml

Introduction: Environmental monitoring program (EMP) for Listeria can help track and mitigate sources of L. monocytogenes in the production environ-
ment and verify the effectiveness of control measures. An example is the novel Listeria Right Now (LRN) swab test, developed few years ago, which can
sensitively detect Listeria spp. from environmental surfaces in less than an hour, without the need for an enrichment step. Sponges are more commonly
employed for routine EMP because a larger surface area can be sampled and monitored.
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Purpose: Compare the performance of the new isothermal ANSR LRN-Sponge Kit test system for EMP applications to a culture-based enrichment meth-
od.

Methods: Listeria along with 10 to 200 times higher background flora were inoculated on plastic or sealed concrete surfaces. Two sets of samples for
each surface type were prepared for LRN-Sponge and culture methods, respectively. Each set of environmental samples included 20 replicate 4" by 4"
surfaces inoculated with low-level Listeria for fractional positive result, along with five high-level and five uninoculated surface samples. LRN-Sponge sam-
ples were also tested by g-PCR assay for additional verification. Statistical model measuring differences of POD (dPOD) and 95% confidence-interval were
calculated to compare different analytical methods.

Results: No significant difference was found between LRN-Sponge EMP Kit and the cultural method for detection of Listeria from the plastic environ-
mental surfaces. For sealed concrete inoculated with high level of Listeria, the LRN-Sponge detection approach was more sensitive, detected 5/5 positive
and culture method only detected 1/5 positive. When the LRN sponge samples were tested with the g-PCR assay, there was no significant difference
between LRN-Sponge and g-PCR results.

Significance: No enrichment, sensitive and rapid detection in less than an hour is a major advancement in pathogen control, allowing personnel in food
service, processing, or production settings to take immediate corrective action if Listeria spp. is found in the environment.

T7-02 Determination of Organic Contaminants in Food and Nutraceuticals Using Ultra-Performance
Liquid Chromatography/Tandem Mass Spectrometry

Jeremy Ang, Chun-Ho Chuang and Chia-Yang Chen
Institute of Food Safety and Health, College of Public Health, National Taiwan University, Taipei City, Taiwan

Introduction: Chemical contaminants and adulterants may exist in food and nutraceuticals. The combined approach of non-target screening and target
analysis could identify and quantify emerging pollutants in food.

Purpose: This study determined 33 previously identified and prioritized organic chemicals in 23 food items and 12 prioritized chemicals in 19 nutraceuti-
cals using ultra-performance liquid chromatography/tandem mass spectrometry (UPLC-MS/MS).

Methods: 127 food samples were collected in Taiwan from February to March 2022. Homogenized 1-g samples were extracted with QUEChERS and
cleaned up with PRIME HLB, and 33 analytes were separated on a Waters CORTECS C18 column using UPLC-MS/MS at electrospray ionization with iso-
tope-dilution techniques. Analytes in nutraceutical samples were separated on a Lunar Omega C18 column with UniSpray ionization.

Results: Pesticides were found in vegetables generally lower than two ng/g, but pencycuron was up to 367 ng/g in bok choy. Abietic acid was detected in
7 of 32 seafood samples from 23.0 to 88.8 ng/g; ethoxyquin was seen in 2 of 5 salmon samples at 14.8 ng/g on average. Abietic acid (410 ng/g on average)
was also observed in 5 of 6 pork liver samples. Organophosphate flame retardants were detected in 8 of 17 grains and root crops. Bis(2-ethylhexyl) adipate
(DEHA), a new plasticizer, was found in 23 of 31 meat and poultry products ranging from 0.42 to 38.7 ng/g. Diazepam was detected in turtle deer drink and
sesame seed extract from 10.5 to 32.1 ng/g, which were considered low health risks. The concentration of bis(2-ethylhexyl)phthalate (DEHP) in soy extract
was 1.62 pg/g, and its daily intake exceeded the tolerable daily intake of the Taiwan FDA.

Significance: Most pesticide residuals in food complied with the MRL requirements. Industrial chemicals, feed additives, and human and veterinary
drugs were the primary pollutants in seafood products. DEHP and other plasticizers warrant further study on the health risks of taking nutraceuticals.

T7-03 Development of a Mass Spectrometry Method for the Detection and Quantification of Peanut
Protein in Processed Food Matrices

Sara Schlange, Justin Marsh, Melanie Downs and Philip Johnson
University of Nebraska-Lincoln, Lincoln, NE

0:0 Developing Scientist Entrant

Introduction: The food industry utilizes analytical methods to detect the unintentional presence of peanut in food products for regulatory purposes and
peanut-allergic consumer safety. Current immunoassays have displayed decreased recovery and cross-reactivity issues in processed food matrices, but
mass spectrometry (MS) methods may overcome these deficits.

Purpose: The objective of this work was to develop a sensitive and robust MS method to detect and quantify peanut protein in processed food matrices
at relevant concentrations to protect the peanut-allergic population.

Methods: Incurred cookie and dark chocolate matrices were generated with peanut flour at various concentrations (0-5,000 ppm peanut protein). A
quantitative MS method was developed using nine target peptides identified through a discovery-based target selection approach. Optimization of the
method, including instrument parameters, liquid chromatography, and sample preparation, was pursued to increase sensitivity and address variability.
The method was evaluated against incurred cookie (1.24 and 6.21 ppm peanut protein) and dark chocolate (2 and 20 ppm peanut protein) to discern
sensitivity and quantitative accuracy.

Results: Optimization steps improved method sensitivity between 5 and 100-fold, depending on peptide and matrix (e.g., detection reduced from 50 to
0.5 ppm peanut protein for NLP in dark chocolate). In the method evaluation, robust detections of the lowest level of peanut-incurred food matrices were
observed (1.24 and 2 ppm peanut protein in cookie and dark chocolate, respectively). Recovery of peanut protein ranged from 42.43-456.81% in cookie
and 44.40-288.02% in dark chocolate. The method detected and quantified peanut contamination at levels sufficiently sensitive to protect the peanut-aller-
gic population.

Significance: The developed method effectively detects low levels of peanut in processed food matrices, which is an identified shortcoming of other
analytical methods. Orthogonal and confirmatory use of this method would increase confidence in analytical results, increase safety for peanut-allergic
consumers, and aid in risk-based decisions in the industry.

T7-04 Accelerating the Detection of Bacteria in Food Using Artificial Intelligence and Optical Imaging

Luyao Ma, Jiyoon Yi, Nicharee Wisuthiphaet, Mason Earles and Nitin Nitin
University of California, Davis, Davis, CA

Introduction: Early detection of microbial contamination in food products is critically important for consumer safety and outbreak prevention. However,
conventional culture-based methods require the isolation of bacterial macro-colonies for biochemical or genetic characterization, which could take a few
days and is labor-intensive.

Purpose: This study aimed to develop a rapid, user-friendly, and affordable method for detecting multiple bacterial species in food products.

Methods: The detection is based on artificial intelligence (Al)-enabled analysis of morphological differences among bacterial microcolonies. Bacteria
were cultivated for 3 h on a non-selective growth medium to form microcolonies. Phase contrast microscopy was used to obtain the images of bacterial
microcolonies, generating 2,520 images from eight common foodborne bacteria such as Escherichia coli, Salmonella, and Listeria monocytogenes. Bacterial
species classification was performed using the real-time object detection algorithm called You Only Look Once version 4 (YOLOv4). Both pure bacterial
culture and food samples were tested. This method was validated by standard plating assay.

Results: YOLOv4 was able to discriminate eight common foodborne bacterial species with an average precision of 94%. This approach also enabled
rapid quantification of bacterial concentrations over three orders of magnitude with the R?of 0.995. For romaine lettuce spiked with E. coli (10 - 10% CFU/g),
the trained YOLOv4 detector had a false-negative rate of less than 10% (n=12).

Significance: This Al-assisted detection not only achieves high accuracy in bacterial classification but also provides the potential for automated bacterial
detection, reducing labor workloads in food industries, environmental monitoring, and clinical settings.
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T7-05 The Devolvement of Polymer-Based Sensors for Detecting Antibiotics in Food

Oliver Jamieson', Jake McClements', Gustavo Kaiya?, Sloane Stoufer?, Matthew D. Moore3, Jérémy Bell*, Victor Perez-Padilla*, Knut
Rurack* and Marloes Peeters'
"Newcastle University, School of Engineering, Newcastle upon Tyne, United Kingdom, 2Universidade de Séo Paulo, Faculdade de Ciéncias Farmacéuticas,
Sao Paulo, Brazil, *University of Massachusetts Amherst, Amherst, MA, “Chemical and Optical Sensing Division, Bundesanstalt fiir Materialforschung und
-priifung (BAM), Berlin, Germany

Introduction: Antimicrobial resistance (AMR) has recently been established as a leading cause of death worldwide. A key factor in combating AMR is
monitoring and limiting antibiotic levels in food. Polymer-based sensors possess unique properties, which give them great potential for the sensitive and
specific detection of antibiotics in food.

Purpose: The study developed a novel polymer-based sensor to identify an antibiotic in food products.

Methods: Molecularly imprinted polymers (MIPs), which act as synthetic antibody mimics, were synthesized for the detection of the antibiotic tetracy-
cline. The sensor was validated with tetracycline-spiked buffered solutions using a novel dual detection system of thermal and fluorescent analysis. Spiked
egg samples were also analyzed using thermal detection to demonstrate proof-of-application in real food samples.

Results: The thermal response to tetracycline was compared for the developed MIP and a reference non-imprinted polymer. The MIP exhibited a 430
times greater thermal response to tetracycline compared to the non-imprinted polymer and its limit of detection was 0.1 mM, which is below the legal
maximum residual levels. Furthermore, a measurable thermal response was observed in tetracycline-spiked egg samples. This demonstrates initial
proof-of-application for in-field tests using food samples. Tetracycline has many derivatives with similar structures and therefore it is likely that MIPs can
not only detect tetracycline individually, but other derivatives also.

Significance: The developed MIP can detect an antibiotic in buffered solutions and real food samples with high sensitivity. This highlights that MIPs pos-
sess a higher level of matrix versatility compared to gold standard antibody testing. Furthermore, unlike antibodies, MIPs are low-cost and compatible with
portable detection. This creates the possibility for widespread on-site screening using MIP-based sensors, which will facilitate the determination/quanti-
fication of contamination sources without requiring a lab environment. The technology is also highly versatile and has been adapted for the detection of
norovirus and SARS-CoV-2.

T7-06 Enrichment-Free Detection and Speciation of Listeria monocytogenes, Listeria spp. and Salmonella
spp., Based on a Multiplexed Isothermal RNA Amplification, Coupled to DNA Microarray Hybridization

Fushi Wen, Austin Rueda, Rick Eggers, Kevin O'Brien, Michael Hogan and Shaun Stice
PathogenDx, Tucson, AZ

Introduction: Listeria monocytogenes, Listeria spp and Salmonella spp contamination have emerged as a major concern for Food Safety, but the present
detection methods are either culture based and slow, or PCR based and fast, but less sensitive than culture methods and with only modest multiplex capa-
bility. Thus, a fast, sensitive, multiplexed and enrichment-free test is needed for the Food Processing environment.

Purpose: To develop an enrichment-free, isothermal nucleic acid assay that can detect Listeria monocytogenes, Listeria spp and Salmonella spp, with multi-
ple specificity controls, in parallel as a single test, in less than 4hrs from a single surface swab or sponge.

Methods: We have invented a Nucleic Acid Sequence Based Amplification (NASBA) microarray technology for rapid detection of up to 100 RNA targets
simultaneously at the SNP level. In the present deployment of the technology for Food Safety, “Envirox-f Gen2”, a set of multiplex NASBA-microarray am-
plification primers and microarray hybridization probes were designed for 16S and 23S rRNA targets, as well as a mRNA target for L. monocytogenes. This
multiplex assay has been tested using 23 cultured ATCC and USDA bacterial standards in cell suspension and contrived into EZ Reach sponges.

Results: This assay correctly identified multiple validated L. monocytogenes, Listeria spp. and Salmonella spp. training samples, without culture enrich-
ment, from 23/23 isolates at a cLOD of 10° CFU/ml which is equivalent to that obtained via BAM-standard 36 h plate culture.

Significance: This assay allows simultaneous detection of L. monocytogenes, Listeria spp. and Salmonella spp. without culture enrichment at a time scale
suitable for same-shift testing. These data demonstrate feasibility of the technology as a lab-based test, with a 4 h workflow, and for future deployment
as an autonomous system for “Point of Swab” analysis. The technology can also be extended to the analysis of other panels of bacterial, viral, and fungal
pathogens.
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T7-07 Genomic Detection of Salmonella in Chicken Meat Samples Using an End-to-End Nano-Biosensor
Platform

Anthony James Franco’, Regina Mayaka', Woubit Abebe? and Evangelyn Alocilja’
"Michigan State University, East Lansing, Ml, >Tuskegee University, Tuskegee, AL

Introduction: Salmonella is a foodborne bacterial pathogen responsible for thousands of hospitalizations and hundreds of deaths in the United States
alone each year. It can be contracted by consuming contaminated meat products. Conventional detection methods are laborious and time-consuming,
requiring overnight culturing in various growth media.

Purpose: To develop a simple, rapid, and cost-effective end-to-end nanoparticle-biosensor platform to detect Sa/monella in chicken cuts and ground
chicken.

Methods: The samples analyzed in this study are store-bought cuts of chicken and ground chicken. Twenty-five grams of the meat samples were first
inoculated with Salmonella to simulate contamination. Using glycan-coated magnetic nanoparticles, the bacteria were extracted and concentrated from the
sample matrix. Bacterial DNA was extracted and used directly without amplification in a gold nanoparticle-based plasmonic DNA nano-biosensor detecting
the invA gene of Salmonella. The biosensor signal can be discerned using either the naked eye or a smartphone application.

Results: The magnetic nanoparticles could concentrate the cells from the meat samples, as observed in the growth media. Salmonella was successfully
detected in contaminated samples with a detection limit as low as 1 ng of dsDNA/pL. The biosensor signal can be discerned within 10 minutes, and the
whole analysis can be accomplished within 4 hours from sample preparation to detection results.

Significance: The nano-biosensor platform significantly reduces the waiting time for the analysis results, which can lead to safer meat products and
increased foodborne disease prevention. It can be potentially used as a time-efficient and cost-effective way to monitor the presence of Salmonella at
various points in meat processing plants and the supply chain.

T7-08 Magnetic Nanoparticles, a Potential Biosensor to Aid in the Rapid Molecular Detection of
Salmonella Typhimurium at Sub-Infectious Dose Levels
Kingsley Bentum’', Woubit Abebe’, Ahmed Ghazy', Yilkal Woube', Rawah Faraj', Tyric James', Temesgen Samuel' and Evangelyn
Alocilja?
"Tuskegee University, Tuskegee, AL, Michigan State University, East Lansing, M/
0:0 Developing Scientist Entrant

Introduction: Salmonellosis caused by Salmonella species is of global concern due to the ubiquitous and zoonotic nature of the pathogen. It is among
the top-priority pathogens in Food Safety and responsible for many illnesses and death in the United States. Therefore, rapid detection of Salmonella, more
importantly at lower infectivity doses, will be an important step in disease prevention. As an evolving technology, using magnetic nanoparticles (MNPs) in
medicine, agriculture, and other fields has significantly advanced various research. Nevertheless, the application of this technology to aid in concentrating
and extracting foodborne bacteria has not been extensively investigated.
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Purpose: This study uses glycan-coated magnetic nanoparticles (MNPs) to extract and concentrate Salmonella Typhimurium from broth cultures. The
non-interference of MNPs with Real-time Polymerase Chain reaction (RT-PCR) detection of the pathogen is investigated.

Methods: Briefly, a 0.5 McFarland turbidity of bacteria suspension was prepared, and 1:3 serial dilutions of four concentrations were made. The approx-
imate bacteria concentration from the first to the last dilution (1:84) was 1.5%10° to 1.9x102 cells/pl. These were used for magnetic capture, plating, and
RT-PCR experiments.

Results: There was an efficient extraction of Salmonella Typhimurium by MNPs from both reference and wild strains at all levels of bacteria concentra-
tions, even to the fourth dilution corresponding to 5.7x102 CFU/pl, where the MNPs comparatively captured more bacteria (p-value 0.007). Furthermore,
the presence of MNPs in RT-PCR reactions did not inhibit amplification but aided in the efficient molecular detection of sub-infectious dose level Salmonella
directly used as part of the reaction mixture.

Significance: The findings of this study expand our knowledge on the rapid detection of pathogens even at very low infectivity levels considering that
the infectious dose of non-typhoidal Salmonella is approximately 102 bacilli.

T7-09 Nanoparticles for Multiplex Genomic Detection of Carbapenem-Resistant E. coli in Food Samples

Oznur Caliskan-Aydogan, Saad Asadullah Sharief and Evangelyn Alocilja
Michigan State University, East Lansing, MI

0:0 Developing Scientist Entrant

Introduction: Antimicrobial-resistant bacteria are a major growing concern worldwide. Recently, cases of carbapenem-resistant bacteria have globally
increased at an alarming rate, which is mainly a result of rapid dissemination of carbapenemase through horizontal gene transfer (HGT). Several studies
reported that carbapenemase-producing (CP) bacteria were not only found in clinical samples but also in municipal wastewater, drinking water, surface
and ground water, agricultural environments, food animals, and retail food products. Transmission of CP bacteria also alarms food safety, contributing
their spread worldwide due to the global food trade, which poses a risk to human health. The surveillance has been extended to tracking CP pathogens
(e.g. E. coli and Salmonella) in food animals and meat products since 2016 in the U.S. and the Europe.

Purpose: This study presents a rapid and simple platform for detection of carbapenem-resistant E. coli from food samples (chicken and lettuce).

Methods: This study used glycan-coated magnetic nanoparticles (MNP) for rapid extraction of bacterial cells and dextrin-capped gold nanoparticles
(dGNP) for rapid genomic detection. After DNA extraction of MNP-bacteria mixture, a colorimetric biosensor utilizing the stability of dGNP (red color) was
developed with specific probe, uidA for E. coli and blaKPC for carbapenem-resistance, allowing the detection of unamplified DNA in 30 min. The colorimetric
detection was quantified with absorbance spectra measurements.

Results: Successful detection of susceptible and resistant E.coli extracted from food at initial contamination approximate 10° CFU/ml was achieved.
Further, the detection was achieved in the presence of natural microbiota and food microparticles. This platform was also able to differentiate susceptible
E. coli from carbapenem-resistant E. coli. Detailed results and discussion will be presented.

Significance: Successful detection of carbapenem-resistant E. coli in the food samples was achieved in < 7 h with magnetic extraction, a short enrich-
ment step, and visual detection while the traditional methods take 18 to 72 h.

T7-10 Simultaneous Quantitative and Qualitative Analysis of PFAS in Food Using the ZenoTOF 7600
System

Holly Lee' and Craig Butt?
'SCIEX, Concord, ON, Canada, >SCIEX, Framingham, MA

Introduction: Food testing is critical for understanding the dietary exposure of PFAS in humans. The variability in the type of PFAS and their concentra-
tions in food necessitates an analytical method with a wide dynamic range and complementary compound identification.

Purpose: A newly launched accurate mass spectrometer was used to develop a method that can simultaneously quantitate at low ng/ml levels and
perform high-resolution confirmation of PFAS during targeted and non-targeted analysis of food matrices.

Methods: Using the ZenoTOF 7600 system, an MRM method was developed to analyze 16 PFAS with a calibration range of 0.01 to 25 ng/ml. In the same
method, the MS/MS fragments were used to confirm the identity of the target PFAS by library matching. Different food samples were processed using the
FDA method for PFAS analysis in food and screened by non-targeted acquisition using SWATH.

Results: The sensitivity enhancement from the mass spectrometer enabled the quantitation of 16 PFAS compounds with LOQs ranging from 0.01 to
0.05 ng/mL and provided high-resolution confirmation of their presence and even some matrix interferences based on MS/MS library matching. Accurate
masses were used to distinguish known interferences such as taurine-based cholic acids from PFOS and even unknown interferences from PFBA and
PFPeA as mitigation against reporting false positives in certain foods. Non-targeted screening using SWATH acquisition confirmed the presence of PFHpS,
PFOS, PFNA, PFDA, and FOSA in a contaminated meat sample.

Significance: A highly sensitive LC-MS/MS method capable of quantifying PFAS with LOQs as low as 0.01 ng/mL and providing high-resolution iden-
tification was developed. The latter is important for PFBA and PFPeA since both are typically difficult to confirm due to having a single MRM transition.
Improvement in MS/MS sensitivity resulted in the production of high-quality MS/MS spectra for more confident identification of PFAS via library matching
during targeted and non-targeted screening workflows.

T8-01 Influence of Biofilm Architecture on Sanitizer Tolerance of Listeria monocytogenes from Artisanal
Cheese Environments

Eurydice Aboagye', Sophia Denaro’, Annie Lamson? and Andrea Etter?
The University of Vermont, Burlington, Vermont, VT, 2The University of Vermont, Burlington, VT

o%* Developing Scientist Entrant

Introduction: Contamination of ready-to-eat foods by Listeria monocytogenes chiefly occurs post-processing via cross-contamination with food environ-
mental strains which persist through forming sanitizer-tolerant biofilms.

Purpose: This study explored biofilm structural differences that may explain sanitizer tolerance in mature (10 day) biofilms of L. monocytogenes from
artisanal cheesemaking environments.

Methods: Six strains of L. monocytogenes isolated from Vermont artisan cheese operations from 2006-2008 were cultured in 1X and 1/20X Brain heart
infusion (BHI) broth adjusted to OD,,, 0.05-0.10. Each culture was inoculated into petri dishes containing 6 stainless steel coupons and incubated statically
at 23°C for 10 days with nutrient replacement every 48 hours. Four coupons were then rinsed 3X with PBS and treated with a Quaternary Ammonium
Compound (QAC) or Sodium Hypochlorite (SH) sanitizer at 0, 50, 100 and 200ppm, and enumerated by spot plating on BHI agar. The remaining two cou-
pons were rinsed, treated with Oppm or 200ppm QAC or SH and prepared for Scanning Electron Microscope (SEM) imaging using standard methods.

Results: Under nutrient poor conditions (1/20X BHI), L. monocytogenes isolates appeared as infrequent cell aggregates interspersed with single cells
wedged inside surface micro fissures. Nutrient rich samples (1X BHI) showed dense, consistent single-cell coverage with more frequent 3D aggregates. Iso-
lates 9 and 19, isolated from a floor squeegee and cheese fill hoops, respectively, had especially dense coverage in nutrient rich samples, with substantial
3D development within surface micro fissures on the coupon. In nutrient poor conditions, these isolates also showed greater exopolysaccharide develop-
ment than the other four isolates. Both QAC and SH sanitizers showed incomplete biofilm destruction regardless of nutrition, condition, with unharmed
single cells and cell aggregates scattered across the coupons.

Significance: L. monocytogenes displays substantial variation in biofilm architecture, but even the more primitive biofilm architectures impart significant
sanitizer tolerance.
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T8-02 Longitudinal Survey of Food Safety Hazards in a Commercial Recirculating Aquaponics System

Jennifer Dorick’, Govindaraj Dev Kumar? and Laurel Dunn’
"University of Georgia, Athens, GA, 2University of Georgia Center for Food Safety, Griffin, GA

0:0 Developing Scientist Entrant

Introduction: Aquaponics is a sustainable agricultural method that minimizes the use of resources by using by-products from fish for produce produc-
tion. Few studies have investigated the prevalence and distribution of foodborne pathogens in commercial systems.

Purpose: This longitudinal study aimed to identify several foodborne pathogens, their potential biotic and abiotic indicators, and their distribution
throughout a commercial, recirculating aguaponic system.

Methods: Over 2 years (0-671 d ), a microbial evaluation was performed on a controlled environment aquaponics farm containing Nile tilapia (Oreochro-
mis niloticus) and hydroponically grown lettuce (Lactuca sativa). Samples (n=1,044) were collected bimonthly from each system, including lettuce, roots,
fingerlings (7-126 d old), fish feces (>126 d old), water, and sponge samples from the tank interior. Most probable number of generic Escherichia coli were
determined using IDEXX Colilert Quanti-Tray. Enumeration and enrichment were used to detect Shiga-toxigenic E. coli (STEC), Salmonella enterica, Listeria
monocytogenes, Aeromonas spp., Aeromonas hydrophilia, and Pseudomonas aeruginosa. Isolates were confirmed using real-time PCR.

Results: Generic E. coli, STEC, L. monocytogenes, and S. enterica were not detected from any samples. P. aeruginosa was isolated from water (7/351;
1.99%), sponge (3/351; 0.85%), fish feces (2/108; 1.85%), and lettuce (2/99; 2.02%) samples. Aeromonas spp. was quantified in all sample types. Sponge,
water, and root samples collected within the first 6 months had less Aeromonas than between 8-22 months (2.82+0.12 vs. 4.0610.60 log CFU/cm?, 2.39+0.45
vs. 2.98+0.58 log CFU/mI, and 4.06+0.36 vs. 5.39+0.82 log CFU/g, respectively; P<0.05). A. hydrophila was isolated from all sample types (544/1,044; 52.1%).
The age of the system affected A. hydrophila presence in water (X?=23.234, P<0.001) and sponge samples (X?=21.352, P<0.001).

Significance: Aeromonas and A. hydrophila were significantly affected by the system'’s age; after six months of production, contamination by this patho-
gen in an aquaponic system may pose a risk to fish health and lettuce-associated foodborne iliness in humans.

T8-03 Predicting Disinfectant Resistance in Listeria monocytogenes Using Whole Genome Sequencing and
Machine Learning

Alexander Gmeiner’, Mirena Ivanova', Pimlapas Leekitcharoenphon' and Leonid Chindelevitch?
"Research Group for Genomic Epidemiology, National Food Institute, Technical University of Denmark, Kgs. Lyngby, Denmark, 2Department of Infectious
Disease Epidemiology, Imperial College, London, United Kingdom

0:0 Developing Scientist Entrant

Introduction: Even though there are many studies that focus on the prediction of antimicrobial resistance from bacterial genomic data, a similar predic-
tion of resistance to disinfectants remains very poorly studied.

Purpose: The objectives of this study are to i) obtain a high performing predictor of resistance to disinfectants (Benzalkonium chloride and Peracetic
acid) and ii) explore prediction of minimum inhibitory concentration (MIC) values.

Methods: Within this study, 1650 Listeria monocytogenes whole genome sequencing (WGS) samples and their corresponding MIC values were used to
train different Machine Learning models. We constructed the pangenome using Prokka and Roary and called single nucleotide polymorphism variants
using Samtools and GATK. Absence and presence tables of these different genomic features were subsequently used for the ML prediction. We explored
a range of standard ML models, as well as a symbolic regression model (QLattice) and a group-testing based model (INGOT-DR). All ML algorithms were
designed both as a classification task (i.e. resistant, susceptible) and a regression task (MIC values).

Results: We were able to train high performing ML learning models for classification and regression. For the classification task the results show that a
linear logistic regression model with |1 regularization performs best achieving a balanced accuracy of 0.91. For the more difficult regression task we found
that random forest regressors (RFR) outperform the others with r2-scores up to 0.68. Additionally, the test set results for RFR show 287/330 predictions
that are within one-dilution difference of the measured MIC. We will also report important features used by the algorithms to make predictions which
could indicate possible resistance determinants.

Significance: The results of this study enable a better understanding of L. monocytogenes resistance towards different disinfectants used in the food
industry. Our predictive models could further support case specific adaptation of cleaning procedures in case of L. monocytogenes contamination among
production sites.
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T8-04 Phytochemicals Modulate Listeria monocytogenes Proteome Critical for Infection in Humans

Chetna Shah, Trushenkumar Shah and Abhinav Upadhyay
Department of Animal Science,University of Connecticut, Storrs, CT

0:0 Developing Scientist Entrant

Introduction: Listeria monocytogenes (LM) is a major foodborne pathogen that leads to life-threatening illness in humans. The current listeriosis treat-
ment includes antibiotic therapy. However, there are reports of antibiotic resistance development in LM. This situation warrants the development of novel
strategies for controlling LM infection in humans.

Purpose: This study investigated the effect of Generally Recognized as Safe status phytochemicals namely Trans-cinnamaldehyde (TC), Eugenol (EG), and
carvacrol (CAR) on the proteome profile of LM, especially the expression of proteins critical for infection in humans.

Methods: Sub-inhibitory concentrations (SICs) of TC, EG, and CAR against LM ATCC-19115 were determined by growth curve assay at 37°C. For proteome
profiling, LM ATCC-19115 was cultured either in the presence (treatments) or absence (control) of SICs of phytochemicals for 12 h at 37°C followed by
protein extraction and LC-MS/MS analysis. Differentially expressed proteins between control and treatment samples (n=3) were analyzed using Student’s
t-test on Scaffold-5 at P<0.05.

Results: The SIC of TC, EG, and CAR was 0.01%, 0.04%, and 0.008%, respectively. Approximately 1350 proteins were identified of which ~ 97 proteins
were down-regulated and ~ 281 proteins were upregulated by the phytochemicals (P<0.05). All phytochemicals down-regulated critical virulence proteins
contributing to cell invasion (InIB), intra-cellular survival and spread (PIcA, ActA), toxin production (Hly), cold and oxidative stress tolerance (CspD, CspLA,
RsbT), protein synthesis (InfA), catalytic activity (PyrC, PbpA, PyrF), energy metabolism (RmpF2), fatty acid biosynthesis (AcpP) and translation (RplQ, RpIL)
(P<0.05). Corresponding genes related to above mentioned proteins (inlA, plcA, actA, hly) were also reduced in expression (P<0.05). The expression of a few
proteins involved in catalytic activity and cellular metabolism (Gap, Idh1, FusA, GroES, Map, GatB, PflA) were upregulated by phytochemicals (P<0.05).

Significance: These results delineate the potential mechanism of action of TC, EG, and CAR against LM and provide a basis for future studies investigat-
ing the anti-listerial efficacy of the aforementioned compounds in an animal model.

T8-05 Simulation Evaluation of Power of Sampling Plans to Detect Cronobacter in Powdered Infant
Formula Production

Minho Kim' and Matthew J. Stasiewicz?
"University of lllinois Urbana-Champaign, Urbana, IL, 2University of Illinois at Urbana-Champaign, Champaign, IL

0:0 Developing Scientist Entrant

Introduction: Cronobacter is a risk in Powdered Infant Formula (PIF) products that is hard to detect due to localized, low prevalence, and low-level con-
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tamination.

Purpose: We adapt a sampling simulation tool for PIF sampling and benchmark industry-relevant sampling plans for detecting different Cronobacter
contamination scenarios.

Methods: The simulation was first validated by reproducing published probabilities of detecting 0-10% prevalence contamination events with sys-
tematic grab samples (n=10, 25, 75) and systematic increment samples (n=750). Then published contamination profiles of a recalled PIF batch [42%
prevalence, -1.779+0.675 log(CFU/g)] and a reference PIF batch [1% prevalence, -2.44+0.8 log(CFU/g)] were used to benchmark representative sampling
plans [(n=30,m=10g), (n=30,m=25g), (n=60,m=25g), (n=180,m=25g)]. The recalled batch profile was used to compare 300g total mass sampling plans with
different number of grabs (n=1, 3, 5, 10, 30, 60, 100, 22000). To compare the different number of clusters (n=1, 5, 10, 50, 100) with 10% total prevalence
and -1.779 £ 0.675 log(CFU/g) contamination level, a representative sampling plan (n=30,m=10g) was simulated. For every simulation, Simple Random
Sampling, Stratified Random Sampling, and Systematic Sampling were iterated 10,000 times.

Results: Simulating the different number of grabs with 300g total mass showed that taking more than 30 grabs had a <1% median probability to accept
the recalled batch. Benchmarking representative sampling plans with recalled batch profile showed that simulated representative sampling plans would
reject the contaminated lot (<1% median probability of acceptance) but it would rarely reject the reference batch even with the most stringent sampling
plan (n=180,m=25g) (>50% median probability of acceptance). When the number of clusters increases, the difference between sampling strategies decreas-
es, as the same contamination becomes better mixed.

Significance: The simulation will help industry stakeholders design science-based sampling plans by entering parameters describing their hazard sce-
narios and sampling plans of interest.

T8-06 Incidence of Multiserovar Salmonella Populations in Postharvest Meat and Poultry Products

Amy Siceloff', Renee Smith', Dayna Harhay? and Nikki Shariat®
"University of Georgia, Athens, GA, 2U.S. Meat Animal Research Center, USDA ARS, Clay Center, NE, 3University of Georgia, Department of Population Health,
Athens, GA

0:0 Developing Scientist Entrant

Introduction: Despite significant reduction of Salmonella incidence during processing, meat and poultry products remain a considerable source of food-
borne salmonellosis. Conventional Sa/monella monitoring often relies on the identification of a single serovar from a sample, which causes some serovars
to remain undetected.

Purpose: This study was designed to determine the incidence of multiserovar Salmonella populations in meat and poultry following antimicrobial pro-
cessing interventions.

Methods: Deep serotyping with CRISPR-SeroSeq is a next-generation sequencing approach that quantifies the relative abundance of serovars within
a mixed population. We applied CRISPR-SeroSeq to analyze 93 surveillance samples collected at slaughter facilities across the United States (pork: n=40;
chicken: n=39; beef: n=9; turkey: n=5). Concurrently, up to two colonies were isolated and serotyped using molecular methods. A subset of isolates (~20%)
were selected for confirmatory testing using traditional antibody agglutination methods.

Results: CRISPR-SeroSeq identified 33 serovars, including 8/10 most frequently found by the CDC. There was an average of 1.4 serovars per sample,
with a maximum of five serovars detected within a single sample, and 25.8% (24/93) of samples contained multiple serovars. Alternatively, conventional
isolation and serotyping methods found 29 serovars (average of 1.1 serovars per sample) and 7.53% (7/93) of samples contained multiple serovars. Se-
rovar profiles differed between commodity types, with Eko, Kentucky I, Montevideo |, and Hadar most often found in pork (25.0%; 10/40), chicken (43.6%;
17/39), beef (44.4%; 4/9), and turkey (40.0%; 2/5) samples, respectively. In 89/93 instances, identified serovars matched between serotyping and CRISPR-Se-
roSeq.

Significance: Population analyses by CRISPR-SeroSeq revealed a quarter of post-harvest, post-intervention samples contain multiple serovars, demon-
strating the complexity of Sa/monella populations and the limitations of conventional methods. In six instances, CRISPR-SeroSeq additionally identified
Salmonella serovars Enteritidis, Typhimurium, or Newport, that were undetected by traditional culture methods. This study highlights the importance of
comprehensive pathogen surveillance monitoring in food production systems.

T8-07 Quantification of Foodborne Viruses and Its Correlation with Somatic Coliphages in Leafy Greens
Vegetables

Axel Ossio, Norma Heredia, Santos Garcia and Angel Merino-Mascorro
Universidad Autonoma de Nuevo Leon, San Nicolas, NL, Mexico

o%* Developing Scientist Entrant

Introduction: Foodborne viral outbreaks linked to fresh produce have been increasing, and detection may be difficult to achieve. The use of microbial
indicators potentially can indirectly estimate the load of viral pathogens.

Purpose: To evaluate the correlation level between foodborne viruses and somatic coliphages for use as a viral indicator.

Methods: Three hundred twenty samples of vegetables were collected,160 of each lettuce and parsley. From these, 40 composite samples (4 samples
per composite) for lettuce and parsley were subjected to both, a TGBE buffer elution and PEG 8000/ NaCl precipitation. To estimate the recuperation
efficiency of this method, samples were artificially spiked with Murine norovirus (10° to 10° total gc). Somatic coliphages were quantified by the EPA 1602
method, and hepatitis A virus (HAV), human norovirus (NoV GI, Gll and GIV) and Rotavirus A (RoV) by RT-gPCR. Correlation analysis of the quantification of
foodborne viruses and somatic coliphages were determined by R studio.

Results: Our PEG 8000/NaCl concentration-based protocol shows an efficiency of recovery of 22.66+22.86% and 14.51+14.84% in lettuce and parsley re-
spectively. A total of 9/40 (22.5%) in lettuce and 8/40 (20%) in parsley samples tested positive for RoV and none for Norovirus or hepatitis A. Quantification
of RoV range from 2.53x10" to 2.94x10* total genomic copies in lettuce samples and 2.19 to 2.07x10* in parsley. The range of somatic coliphages quanti-
fication were 1 to 10x10° PFU/100ml in both, lettuce, and parsley. Spearman s correlation between the concentration of RoV and the somatic coliphages
indicated an r2=-0. 4885243 (P<0.05) in lettuce, while on parsley r2=-0.1448956 (P<0.05).

Significance: These findings suggest a potential use of somatic coliphages as viral indicators of the absence of RoV in fresh produce, although a larger
study involving more, and different samples would validate this correlation.

T8-08 Prevalence and Risk Factors for Self-Reported Diarrheal lliness in Communities of Three Regions of
Ethiopia
Devin LaPolt’, Lina Mego?, Silvia Alonso®, Binyam Moges Azmeraye*, Michala Krakowski®, Getnet Yimer*, Desalegne Degefaw* and
Barbara Kowalcyk®
The Ohio State University, College of Food, Agricultural, and Environmental Sciences, Columbus, OH, Animal and Human Health Program, International
Livestock Research Institute, Addis Ababa, Ethiopia, 3International Livestock Research Institute, Addis Ababa, Ethiopia, “The Ohio State University Global
One Health Initiative Eastern Africa Regional Office, Addis Ababa, Ethiopia, >College of Public Health, Division of Epidemiology, The Ohio State University,
Columbus, OH, ®The Ohio State University, Center for Foodborne Iliness Research and Prevention, Translational Data Analytics Institute, Columbus, OH

0:0 Developing Scientist Entrant

Introduction: Low- and middle-income countries (LMICs) are disproportionately affected by foodborne disease (FBD), although data on the health
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impacts of FBD are limited. Understanding the prevalence, potential exposures, and risk factors for diarrheal disease will allow for quantification of the
burden of FBD, inform efforts to prevent FBD, and reduce FBD mortality rates.

Purpose: The objective of this study is to quantify self-reported diarrheal disease and identify potential risk factors in three regions of Ethiopia.

Methods: A cross-sectional survey was conducted from October 2021 - October 2022 in three regions of Ethiopia. Randomly selected households were
interviewed about household characteristics, diarrheal ilinesses, healthcare behaviors, food consumption, and environmental exposures. Descriptive
statistics were used to summarize household characteristics. Logistic regression was used to estimate prevalence and identify risk factors for self-reported
diarrheal illness.

Results: Participants from 2,436 households were interviewed in Addis Ababa (n=812), Harar (n=812), and Gondar (n=812), Ethiopia. The prevalence
of household self-reported diarrheal iliness was 10.34%. Odds of self-reported diarrheal iliness were 3.518 (95% Cl: 2.649, 4.671) times higher in males
compared to females; 1.143 (95% CI: 1.079, 1.212) times higher for each additional individual in the household; 1.717 (95% Cl: 1.225, 2.407) times higher in
households with goats compared to households without goats; 2.139 (95% Cl: 1.286, 3.560) times higher in households using untreated water compared
to those using treated water; and 2.842 (95% Cl: 1.661, 4.862) times more likely in households with no latrine facility (open fields) compared to households
using a piped sewer system or septic tank.

Significance: Results showed sex, household size, toilet type, water treatment, and household ownership of goats are significant risk factors for diarrhe-
al illness and warrant further study to estimate their role in the overall burden of FBD in Ethiopia.

T8-09 Rapid and Non-Destructive Prediction of Pork Microbial Quality Using Volatolome-Based Artificial
Neural Networks

Linyun Chen’, Lotta Kuuliala?, Mariem Somrani3, Christophe Walgraeve#, Kristof Demeestere* Bernard De Baets® and Frank
Devlieghere’
"Research Unit Food Microbiology and Food Preservation (FMFP), Faculty of Bioscience Engineering, Ghent University, Ghent, Belgium, *Research Unit Food
Microbiology and Food Preservation (FMFP) & Research Unit Knowledge-based Systems (KERMIT), Faculty of Bioscience Engineering, Ghent University, Ghent,
Belgium, 3Research Unit Food Microbiology and Food Preservation (FMFP), Faculty of Bioscience Engineering, Ghent University, & Departamento de Ingenieria
Agrondmica, Instituto de Biotecnologia Vegetal, Universidad Politécnica de Cartagena, Ghent, Belgium, “Research Group Environmental Organic Chemistry
and Technology (EnVOC), Faculty of Bioscience Engineering, Ghent University, Ghent, Belgium, >Research Unit Knowledge-based Systems (KERMIT), Faculty of
Bioscience Engineering, Ghent University, Ghent, Belgium

o%* Developing Scientist Entrant

Introduction: The generation of volatile organic compounds (VOCs) and the associated off-odors are amongst the typical microbial spoilage phenomena
for pork. Selected-ion flow-tube mass spectrometry (SIFT-MS) is a novel analytical technique effective for quantifying these compounds at trace levels in
real-time.

Purpose: This study aims to predict the microbial quality of pork, by developing a multidisciplinary methodology that combines volatolome analysis and
data-driven modelling.

Methods: Fresh pork loin was stored at 4 °C under high-O, (air, 70/0/30, 70/30/0 - %0,/CO,/N,) and low-O, (5/30/65, 0/30/70, 0/0/100 - %0O,/CO,/N,)
atmospheres. Each packaging condition was tested twice using two different initial pork meat batches. In total, 225 storage samples (6 conditions by 2
batches by 6-7 measurement days by 3 daily replicates) were analyzed by classical microbiological plating and SIFT-MS. Back-propagation neural networks
(BP-NN) were then established based on the quality of each individual sample, with partial least squares regression (PLS-R) as a comparison. Logarithmic
and standardized concentrations of VOCs were used as model inputs, and logarithmic bacterial counts as outputs. Two high-0, and two low-O, conditions
were set for training and validation by turns, and the remaining conditions left out for testing.

Results: Acetoin and 3-methyl-1-butanol were greatly accumulated in high-O, spoilage, while ethanol, 3-methylbutanal, H,S, and methyl mercaptan were
characteristic for low-O, atmospheres. The volatolome-based BP-NN outperformed the conventional PLS-R model and had satisfactory power in predicting
total colony counts, especially for low-O, conditions (accuracy factor: 1.044-1.068, root mean square error: 0.370-0.492). Using BP-NN, 73 to 80% of sam-
ples stored under low-O, atmospheres can be predicted within + 0.5 log CFU/g of estimation residuals for total colony counts.

Significance: The implementation of fast non-invasive/non-destructive techniques such as SIFT-MS is expected to accelerate future quality indication in
meat supply chains, especially in tandem with machine learning methods.
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T8-10 A Machine Learning Approach to Identifying Salmonella Stress Response Genes in Isolates from
Poultry Processing

Edmund O. Benefo, Shraddha Karanth and Abani Pradhan
University of Maryland, College Park, MD

0:0 Developing Scientist Entrant

Introduction: Salmonella enterica is exposed to stressors including low and high temperatures, disinfectants, and low nutrients at various stages of
the poultry processing cycle. The development of stress responses could induce cross-protection to other stressors or cause variations in Salmonella
pathogenicity. For instance, the NusA protein which is synthesized under cold temperature conditions has been found to influence the expression of the
transcriptional activator of Salmonella pathogenicity island-1, hilA. The identification of significant genes across specific product-pathway conditions could
improve microbial risk models.

Purpose: The purpose of this study was to utilize machine learning algorithms to identify Salmonella stress response genes in isolates from poultry
processing.

Methods: Genome assemblies of S. enterica isolates (n=189) from chicken sources were downloaded from the National Center for Biotechnology Infor-
mation (NCBI) Pathogen Detection database and annotated on the eggNOG-mapper (v2) platform. The annotated data was explored for class imbalance
and the presence of near-zero variance features. Six algorithms were employed to model the data in a supervised machine learning approach using R (v
4.2.2). Subsequently, the best-performing model was used to rank genes that were significant to the model classification.

Results: All models showed a classification performance, based on the area under the receiver operating characteristic (AUROC), above 0.85. Logit
boost algorithm showed the highest AUROC of 0.9 and also achieved superior confusion matrix statistics (Kappa=0.81; sensitivity=0.89; specificity=0.92).
A number of genes associated with Sa/monella heat and cold stress response, transcriptional regulation, transport mechanisms, and cellular metabolism
were identified.

Significance: Machine learning algorithms can accurately classify Sa/monella whole genome sequences (WGS) and identify relevant genes that can be
further used in developing WGS-based quantitative microbial risk assessment models.

T8-11 Comparison of Three Air Sampling Methods for the Quantification of Salmonella, Shiga-Toxigenic
Escherichia coli (STEC), Coliforms, and Generic E. coli Bioaerosols from Cattle and Poultry Farms

Blanca Ruiz-Llacsahuanga’, Martha Sanchez-Tamayo', Govindraj Kumar? and Faith Critzer’
"University of Georgia, Athens, GA, *University of Georgia, Griffin, GA

«%* Developing Scientist Entrant

Introduction: Recent fresh produce outbreaks potentially associated with bioaerosol contamination from animal operations in adjacent land highlighted
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the need for research data to understand the associated risk.

Purpose: To evaluate three sampling methods for quantifying target bacterial bioaerosols from animal operations.

Methods: A confined cattle and a poultry farm located in Southeastern, US were visited six times each, respectively. Air was collected for 10 min using:
2-stage Andersen impactor with and without mineral oil overlay and impingement samplers. Sampling devices were run concurrently at the animal opera-
tion border at 0.1, 1, and 2 m heights (n=30). Andersen samplers were loaded with CHROMagar™ Salmonella and STEC, or Brilliance™ coliforms/E. coli. The
impingement sampler contained buffered peptone water (20 ml) which was vacuum filtered through a 0.45 pm filter and placed onto the respective media.
Plates were incubated at 37 °C for 48 h. PCR confirmation followed targeting ttr for Salmonella and stx,, stx,, and eaeA genes for STEC.

Results: No significant differences were found among methods to quantify coliforms and E. coli bioaerosols. Coliforms and E. coli bioaerosol concentra-
tions were significantly higher in poultry than in cattle farms (P<0.05). Sa/monella and STEC bioaerosols were not detected by any of the methods assessed
(Limit of detection: 0.55 log CFU/m?3). Coliforms and E. coli bioaerosols were similarly distributed at both stages in the Andersen samplers (stage 1:>7 ym;
stage 2: 0.65-7 pm particle size). Mineral oil did not enhance the recovery of bioaerosols in this instance, which had been shown for recovery in other
situations. Sampling day did not have a significant effect on the recovery of coliforms and E. coli bioaerosols from poultry farms (P>0.05).

Significance: These data will help determine effective bioaerosol sampling techniques which can be used for the detection of bacterial foodborne
pathogens and indicator organisms for future research.

T8-12 Low to Zero Concentrations of Airborne Bacterial Pathogens and Indicator E. coli in Proximity to
Beef Cattle Feedlots in Imperial Valley, California

Xiaohong Wei', Amlan Aggrawal', Ronald F. Bond' and Edward R. Atwill?
"Western Center for Food Safety, University of California, Davis, Davis, CA, 2University of California Davis, Davis, CA

0:0 Developing Scientist Entrant

Introduction: California Leafy Green Products Handler Marketing Agreement (LGMA) established food safety metrics for producing leafy greens, with
guidance recommendations of 400 feet, 1200 feet, and 1-mile distances between production fields and either a composting facility utilizing animal prod-
ucts, or a feedlot containing >1000 or >80,000 head of cattle, respectively.

Purpose: The purpose of this study was to evaluate this effect of distance from cattle feedlots on the occurrence of airborne E. coli 0157, non-0157
Shiga-toxin-producing E. coli (STEC), Salmonella, and indicator E. coli and to identify environmental risk factors associated with these airborne bacteria.

Methods: Each sample comprised 6000 liters of air with TSB-enriched air filters qPCR-screened for pathogens and E. coli; suspect positive colonies were
further gPCR-confirmed. A separate air sample was collected for direct enumeration of E. coli. Local meteorological data was collected in situ and from
nearby weather stations, along with events of dust-generating activity in line-sight distance.

Results: No bacterial pathogens were gPCR-confirmed for the 300 samples totaling 1.8 million L of processed air. Indicator E. coli was detected in 16.7%
(50/300) of samples, with positives found at all distance categories. Logistic regression on all 300 air samples found significantly higher odds of E. coli for
samples taken in close proximity compared to >2000-ft distance from a feedlot. Environmental factors associated with E. coli detection included wind
speed, wind direction, relative humidity, sampling hour of day and month, and the presence of dust-generating activities (cattle activity, plowing fields).

Significance: Lack of bacterial pathogen detection within these sampled distances suggests airborne deposition from nearby feedlots may not be a
significant mechanism of leafy green bacterial pathogen contamination; detection of very low concentrations of indicator E. coli as a function of distance,
wind speed, and direction provides data to inform future revisions of produce safety guidance documents such as the California LGMA.

T9-01 Resuscitation of Viable-but-Nonculturable Campylobacter jejuni in Embryonated Chicken Eggs

Kaidi Wang, Arusha Fleming and Xiaonan Lu
MCcGill University, Sainte-Anne-de-Bellevue, QC, Canada

o3 Developing Scientist Entrant

Introduction: Campylobacter jejuni is one of the leading causes of gastrointestinal diseases worldwide. It can enter a viable-but-nonculturable (VBNC)
state to survive under stresses. VBNC cells demonstrate pathogenic potentials due to their ability to resuscitate at favorable conditions, posing a serious
health risk. However, resuscitation of VBNC C. jejuni has not been well understood.

Purpose: This study aimed to induce VBNC C. jejuni at low temperature (4°C) and investigate its resuscitation in embryonated chicken eggs.

Methods: Four C. jejuni strains were separately stored in Mueller Hinton (MH) broth at 4°C. The number of VBNC population was monitored using quan-
titative polymerase chain reaction coupled with propidium monoazide (PMA-gPCR) combined with the plating assay. VBNC cells were aseptically inoculated
into 9-day-old embryonated chicken eggs and then incubated at 37°C for up to 3 days. Egg contents were collected and homogenized, followed by testing
the culturability of C. jejuni on MH blood agar.

Results: C. jejuni strains were induced into VBNC state (with final concentration of ~10° CFU/mL) at 4°C after 28 to 49 days depending on the strains. All
4 strains of VBNC C. jejuni were able to resuscitate after incubation in embryonated chicken eggs with resuscitation rates ranging from 65% to 90.5%. The
identity of the resuscitated bacterial cells were verified using 16S rRNA sequencing. Embryonated eggs from 3 different chicken breeds were confirmed
to allow the resuscitation. Inoculation numbers of at least 104 CFU of VBNC cells were required to enable the resuscitation. The resuscitation of VBNC cells
were observed starting from 1-day post-inoculation.

Significance: C. jejuni can enter VBNC state at 4°C and resuscitate in embryonated eggs. The knowledge from this study can facilitate a better under-
standing of the health risks associated with VBNC C. jejuni and provide insights to ensure safe food processing and storage conditions.

T9-02 Effectiveness of Meat Hygiene and Safety Training Intervention for Mitigating Risk of Coliform
Contamination Levels of Raw Beef in Selected Butcher Shops in Addis Ababa, Ethiopia

Negga Asamene’, Tadesse Eguale?, Jason Scheffler3, Aklilu Feleke Haile?, Geremew Tasew', Barbara Kowalcyk* and Charles Bakin®
'Ethiopian Public Health Institute, Addis Ababa, Ethiopia, *Aklilu Lemma Institute of Pathobiology, Addis Ababa University, Addis Ababa, Ethiopia, 3University
of Florida, Gainesville, FL, “The Ohio State University, Center for Foodborne lliness Research and Prevention, Translational Data Analytics Institute, Columbus,
OH, °The Ohio State University, Center for Foodborne Iliness Research and Prevention, Columbus, OH

o%* Developing Scientist Entrant

Introduction: Foodborne disease (FBD) is a major public health concern in developing countries where inadequate food safety measures, lack of infra-
structure, and poor food safety and hygiene practices, contribute to the spread of diseases caused by contaminated food, particularly FBD attributed to
foods of animal origin.

Purpose: The objective of this study was to evaluate the effectiveness of a meat safety and hygiene training intervention at beef butchery shops in Addis
Ababa, Ethiopia.

Methods: Butcheries that receive beef carcasses from municipal abattoirs were enrolled in the study between November 2021 thru May 2022. Repre-
sentatives from the butcheries provided a one-day training in concepts in basic meat safety and hygiene. Carcass swabs were collected from the flank,
lateral thorax, and brisket pre- and post-training. Swabs were taken both first thing in the morning when carcasses first arrived from the abattoir, and 2-8
hours after the initial swab. Swabs were analyzed for total coliform counts using standardized methods. Descriptive statistics and linear regression were
used to determine the mean total coliform counts pre- and post-training and the impact of the training intervention on risk of contamination.

Results: A total of 60 butcheries were enrolled in the study and 240 carcass swabs were collected and analyzed. Pre-training morning and afternoon
mean total coliform counts were 3.91 (SD=0.876) and 4.3 (SD=1.02) log CFU/cm?, respectively. Post-training morning and afternoon mean total coliform
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counts were 4.44 (SD=1.22) and 4.47 (SD=1.20) log CFU/cm?, respectively. Morning and afternoon total coliform counts were significantly correlated (R*=
0.74;95% Cl: 0.647-0.812), indicating the positive relationship. After adjusting for this correlation, the meat safety and hygiene training intervention was
marginally associated (p-value=0.08) with a decrease in contamination.

Significance: These findings show that the implementation of a combination of pre- and post-slaughter measures will reduce the risk of contamination
of raw beef in butcher shops.

T9-03 The Multiple Dilemmas of Cooked Meat Products Suppliers: Offering Safe Products, Saving Cost
and Following Customers Trends... Fermentation Can Help!

Jenny Triplett!, Rachel Adams’, Lane Hacker' and Veronique Zuliani?
'CHR. HANSEN, Milwaukee, WI, 2CHR. HANSEN, Arpajon, France

Introduction: cooked meat is regarded as a high-risk food for Listeria monocytogenes (Lm) contamination. Despite good hygiene and manufacturing prac-
tices after cooking there are still some sensitive steps where the products are re-manipulated and can be contaminated. Which strategy can be applied to
help suppress the growth of Lm?

Purpose: The purpose was to evaluate if the addition of a food culture (Latilactobacillus curvatus) can be used to help suppress to growth of Lm in hot
dog sausages.

Methods: 100% pork hot dog sausages were sprayed with food culture (concentration between 6.3 and 7.0 log CFU/g) and vacuum packed. 20 Challenge
tests (following ISO 20976-1:2019 or EURL Lm technical guidance document) using 20 different Lm strains were initiated considering a shelf life up to 60
days at refrigerated and abuse temperatures. Depending on the study, post pasteurized or non-post pasteurized sausages containing 108 ppm of nitrite or
nitrite-free were used as a control.

Results: the validity of challenge tests was first assessed based on the Lm standard deviation at DO (<0.3 Log CFU/g). Growth potential (GP) were com-
pared based on average concentration at DO and at each sampling time during the shelf life. The spray-on application of Latilactobacillus curvatus helps
suppress the growth of Lm. No significant growth was observed on no nitrite nor on non post-pasteurized sausages containing culture (GP < 0.5 Log CFU/g
while the GP was > 5 log CFU/g in the batches without culture). The drop in pH was faster with culture, but the final pH difference between the control and
the batches with culture was between 0 and 0.4 pH.

Significance: The addition of properly selected food culture help suppress the growth of Lm and at the same time help suppliers improving margin (via
removing post-pasteurization) and quality of their product while answering consumers request for clean label meat products

T9-04 Compliance with Food Safety Standards by Beef Vendors at Butcheries in Kamuli District, Uganda

Lillian Nabwiire', Angela Shaw?, Gail Nonnecke', Joey Talbert' and Charles Muyanja3
Ylowa State University, Ames, IA, Texas Tech University, Lubbock, TX, *Makerere University, Kampala, Uganda

Introduction: Butcheries are the leading retailers of beef in Uganda but their level of compliance with food safety standards is unknown.

Purpose: This study aimed to determine if beef vendors in Kamuli district followed the US 736:2019 standard for Hygienic requirements for butcheries.

Methods: Based on the standard, a validated survey questionnaire and observation checklist on sanitation, hygiene, meat storage, demographics, and
butchery operations were used to collect data from 60 butcheries in Kamuli, Uganda. Descriptive statistics including percentages and proportions were
used for analysis. Observed and self-reported beef vendors’ practices were compared to the requirements in the food safety standard to identify any gaps
that needed to be addressed.

Results: Most beef vendors complied with the inspection, storage, and some sanitation and hygiene requirements of the standards, but violations oc-
curred within the transportation and construction requirements. From the self-reported survey, 96.7% (n=58) of vendors sold inspected beef, 83.3% (n=50)
of butchery facilities were inspected at least once a month and all vendors stored meat for less than 36 hours with most storing the meat by hanging
inside the butchery (67.9%; n=36). Additionally, 76.7% (n=46) of beef vendors reported washing handling tools with water and soap, 50% (n=30) packaged
beef in woven polypropylene bags, 60% (n=36) transported beef to butcheries using motorcycles, and 96.7% (n=58) cleaned butcheries every day. During
the observational assessment, all beef vendors had short hair, short fingernails and did not wear jewelry, 90% (n=54) of butchery walls were dirty, and flies
were present at 80% (n=48) of facilities. Butcheries were constructed with wooden walls (71.7%, n=43), and their floors were either wooden or bare ground
(65%, n=39). Only 15% (n=9) of beef vendors wore protective clothing when handling meat.

Significance: Food safety interventions with beef vendors need to focus on the safe transportation of meat, construction of butchery facilities, and the
use of personal hygiene practices.
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T9-05 Results of a Multi-Year Inter-Laboratory Proficiency Testing Program for Zearalenone in Corn

Ronald Sarver, Cherie Bryant, Chris Eakin, Mary Gadola, Alex Kostin and Ben Strong
Neogen Corporation, Lansing, Ml

Introduction: Proficiency testing programs are important to measure the reliability of results from HPLC/MS determination of mycotoxins in ground
corn.

Purpose: This research provides results from a double-blind study of accuracy, precision, and reproducibility for zearalenone quantitated in paired
ground wheat and corn samples determined by HPLC/MS over several years.

Methods: Double-blind ground corn samples with known zearalenone levels were analyzed by each laboratory. Neogen's sample preparation used
five-gram samples extracted in 70% methanol/water + 125ng of '3C zearalenone. Filtered and centrifuged samples were diluted in PBS and passed over
immunoaffinity columns prior to HPLC/MS analysis. Samples from the same lot were analyzed once per year for five years. Statistical analysis including
ANOVA was completed using Minitab 18 (Minitab, LLC).

Results: The inter-laboratory mean for four laboratories was 94.2+16.4 ppb zearalenone (CV=17%, n=12) for a ground corn check sample containing
nominal 90.5 ppb zearalenone; 218.4 + 22.4 ppb (CV = 10.3%, n=12) for a 273.0 ppb sample and 1105.4 + 149.6 (CV = 13.5%, n=12) for a 1004.6 ppb sample.
Over five years of testing, six laboratories participated. For the 90.5 ppb sample, standard deviations (SD) were <9 ppb for results from samples of the
same lot for all laboratories except one lab that had a statistical outlying result and another lab that had 16.7ppb SD for three samples in one year. For
the 273.0 ppb sample, SDs were <32 ppb for all labs except results from one lab that had statistical outliers from previous year results. For the 1004.6 ppb
sample, standard deviations were <115 ppb for all labs.

Significance: The comparison of multi-year results provided information about the quality of the ground corn check samples and long-term laboratory
proficiency.

T9-06 Rapid Quantitative Analysis of Fraudulent Olive Oils Using Recurrent Neural Networks and Raman
Spectroscopy

Weiming Song and Keng Chou
Department of Chemistry, University of British Columbia, Vancouver, BC, Canada

Introduction: The 2020-2021 Canadian Food Inspection Agency's (CFIA) annual report on food fraud shows expensive edible oils are more likely to be
substituted or diluted than other food categories. To identify the adulteration of edible oils, fast, low-cost, and universally applicable non-targeted screen-
ing methods are needed. This study investigates the application of recurrent neural networks (RNNs) and Raman spectroscopy for determining the oil
types and their corresponding percentages in fraudulent olive oils. RNNs are commonly used for temporal problems, such as speech recognition. Here we
consider a Raman spectrum as sequential data and carry out regression using RNNs.

Purpose: To determine the oil types and their percentages in fraudulent olive oils.
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Methods: Extra virgin olive oils were mixed with seven other edible oils, including sunflower, soy, peanut, corn, canola, grapeseed, and avocado oils. All
oils were purchased from local grocery stores, and only 100% pure oils were used. Samples were placed in a 96-well plates and covered with coverslips.
Raman spectra were collected using a Raman microscope with a 532 nm laser and a 60x objective lens. The exposure time was 10 sec. A total of 25 Raman
spectra were collected for each oil sample, followed by data training using RNNs.

Results: RNNs and Raman spectroscopy allowed us to obtain a continuous regression for the adulterant percentage in olive oil over the range of 1 to
99% (v/v). Our approach identifies both the adulterant oil types and their percentages with an error of ~2% (root mean square), which is within the AOAC
standard of 5% for Non-Targeted Testing of Ingredients for Food Authenticity/Fraud Evaluation of Extra Virgin Olive Oil.

Significance: Our study provides a rapid quantitative analysis of adulterants in olive oils. The method has the potential to be a fast, low-cost, and
user-friendly solution for the food oil industry.

T9-07 Rapid Pomegranate Juice Authentication Using a Simple Sample-to-Answer Hybrid Paper/Polymer-
Based Lab-on-a-Chip Device

Yaxi Hu' and Xiaonan Lu?
Carleton University, Ottawa, ON, Canada, 2McGill University, Sainte-Anne-de-Bellevue, QC, Canada

Introduction: As a super fruit, pomegranate and its juice have attracted increased consumer demands during the past decades. Given the high produc-
tion cost and market price, adulteration of pomegranate juice is highly likely to occur.

Purpose: This study aimed to develop a rapid and simple sample-to-answer analytical device for the authentication of pomegranate juice and detection
of cheaper fruit juices potentially being added into pomegranate juice, such as apple and grape.

Methods: Pure pomegranate juice and juice mixtures were prepared in the lab from whole fruits. Loop-mediated isothermal amplification (LAMP)
reactions were designed for pomegranate, apple and grape, individually. Harvesting the advantages of paper materials and polymer materials, a hybrid
paper/polymer sample-to-answer microfluidic “lab-on-a-chip (LOD)" device was designed to integrate DNA extraction, LAMP reaction, and LAMP results
visualization onto one single device.

Results: This LAMP-based authentication method achieved highly sensitive (i.e., 10 pg for pomegranate DNA and 100 pg for grape and apple DNA)
and specific detection of pomegranate, apple, and grape DNA present in fresh fruit juice. Allowing a simultaneous detection of three species of fruit, the
LAMP-LOC device developed in this study was able to detect 2 pL of fresh pomegranate juice and 5 pL of fresh apple and grape juice. Using a homemade
portable heating device, the overall analysis could be completed in ~1 h without the need of any laboratory specific facilities. The cost for each authentica-
tion test was estimated to be ~4 USD and the reusable homemade portable heating device was ~15 USD.

Significance: This LAMP-based simple sample-to-answer hybrid paper/polymer-based LOC device has high potential to be adopted by government
laboratories and the food industry to rapidly and routinely authenticate pomegranate juice even in a resource-limited environment.

T9-08 Characterization and Selection of Lactic Acid Bacteria for the Development of a Direct-Fed
Microbial in Food Animals

Kaylee Rumbaugh, Punya Bule and Divya Jaroni
Oklahoma State University, Stillwater, OK

0:0 Developing Scientist Entrant

Introduction: Shigatoxin-producing Escherichia coli (STEC) and Sa/monella are important foodborne pathogens, commensal to the animal Gl-tract.
Reduction of these pathogens in food-animals could prevent their introduction into the food-chain. Direct-fed-microbials (DFM) are live microbial cultures
exhibiting antagonism against specific microorganisms in the Gl-tract. Lactic acid bacteria (LAB) may be utilized as effective DFM, with careful selection and
screening.

Purpose: Characterization and selection of LAB for development of DFM in food animals.

Methods: Viability of 250 LAB strains was determined after extended frozen storage (-80°C ), by determining growth under optimal conditions (24-48h
@) 37/42°C ; anaerobic incubation). Those showing excellent or very-good growth were evaluated for tolerance to acid (pH 2, 4, 5, 7) and bile (0, 0.1, 0.3,
0.5%) at 0, 1, 3, and 6 h; inhibition against pathogens (1.0x10*CFU/ml) - STEC (0157, 0111, 0103, 045, 026, 0121, 0145) and Salmonella enterica Typh-
imurium, using agar-spot-test; and resistance against common antibiotics (ampicillin, clindamycin, erythromycin, gentamycin, streptomycin, tetracycline,
vancomycin), through disk-diffusion assay. Selected LAB were also evaluated for their biofilm-forming ability (48 h at 37/42°C) on polystyrene surface.

Results: Of the 250 LAB strains, 65 were tested further, as described above. Among those, 15% exhibited excellent (>15 mm), 32% very-good (>10
mm), and 29% good (>5 mm) inhibition against tested pathogens. Thirteen percent showed excellent, 35% very-good, and 39% good tolerance to acidic
conditions, while 29% exhibited excellent, 16% very-good, and 52% good tolerance to bile. All the LAB strains were capable of forming biofilms, with 33%
forming strong, 50% moderate, and 17% weak biofilms. All tested LAB were resistant to streptomycin and gentamicin, followed by vancomycin (67%), tetra-
cycline (50%), ampicillin (42%), and clindamycin (25%). None of the LAB were resistant to erythromycin.

Significance: Selected LAB strains could be used for DFM development based on their survival under stress conditions and inhibition against foodborne
pathogens.

T9-09 From Bacteriophage-Supplemented Feed to Salmonella-Free Poultry

Justyna Kowalska, Elzbieta Fornal, Jolanta Witaszewska, Katarzyna Grochala, Natalia Adamiak, Magdalena Makowska, Monika Sakosik,
Marcela Laszkiewicz and Wojciech Kropiwnicki
Proteon Pharmaceuticals, Lodz, Poland

Introduction: Salmonella-contaminated poultry feed is a major source of flock infections, but the use of phage additives in feed is a safe and effective
method of breaking this transmission route.

Purpose: The purpose of this study was to prove the effectiveness of BAFASAL™, a GRAS bacteriophage preparation active against Salmonella, in protect-
ing poultry feed from contamination.

Methods: Commercial complete poultry feed has been sprayed-on with bacteriophage cocktail (1x10° PFU/g) and experimentally contaminated with
environmental Salmonella Enteritidis isolated from poultry farm (1x10% CFU/g). The experiment was performed twice with two different strains: SE65 and
SE12. Positive control samples and phage treated feed contaminated with Sa/monella were incubated in triplicates at 30°C. Sa/monella load was deter-
mined after 6 h and 24 h. The Salmonella load in the evaluated samples was recalculated into the % of pathogen reduction by bacteriophages compared
to control samples. Statistical analysis was performed by one-way ANOVA followed by Tukey post hoc test. The quality of feed was confirmed by the phage
stability storage tests at 4°C and 25°C.

Results: In the tested feed samples with phages, the load of Salmonella SE65 was significantly reduced to 0.72% (1.03x108 CFU/g vs 1.43x10'° CFU/g) and
Salmonella SE12 was significantly reduced to 0.65% (2.18x107 CFU/g vs 3.38x10° CFU/g) after 24 h (P<0.01). Thus it can be concluded that bacteriophages
can reduce number of Salmonella in experimentally contaminated feed by more than 99%, when applied at a dose of 10° PFU/g. The stability storage tests
confirmed 99% activity of bacteriophages at 4°C and 87% activity at 25°C after one month.

Significance: The obtained results indicate that bacteriophage cocktail is an effective tool for providing safe feed for poultry and in a wider context can
protect animals from feed originating infections.
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T9-10 Pet Owner Perceptions and Practices Regarding Raw Meat-Based Pet Diets in the UK and Slovenia

Veronika Bulochova', Dr. Andrej Ovca?, Teja Pirnat? and Ellen Evans’
'ZERO2FIVE Food Industry Centre, Cardiff Metropolitan University, Cardiff, United Kingdom, 2Faculty of Health Sciences, University of Ljubljana, Ljubljana,
Slovenia

+%* Developing Scientist Entrant

Introduction: Raw meat-based diets do not undergo any processing to eliminate pathogens which may pose risk to human health. In the absence of
safe food-handling practices, proliferation of such pathogens may cause a severe foodborne illness to pet owners and other members of the household. It
is vital to understand current perceptions and practices of pet owners providing raw pet diets in different countries.

Purpose: This study compared the findings from Slovenian and UK surveys regarding pet owner perceptions and practices when providing raw meat-
based diets to pets.

Methods: Findings from two surveys conducted in the UK (n=174) and Slovenia (n=382) were compared and narratively interpreted with consideration
for possible regional and cultural differences. Survey questions included: pet owner motivation to provide raw meat; confidence in safe raw meat-based
food preparation; confidence in cleaning and sanitizing; awareness of risks to human health. Practices included: defrosting, handwashing, cleaning pet
bowl and rinsing raw meat.

Results: Study determined that UK pet owners were less aware (36%) of potential lethal outcomes of a foodborne iliness, compared to Slovenian pet
owners (78%). In both studies majority of pet owners have shown high confidence in the ability to prepare raw meat-based food safely (UK-90%; Slove-
nia-94%). Despite this, malpractices were reported, such as unsafe defrosting (UK-57%; Slovenia-42%), inconsistent hand hygiene after pet food prepara-
tion (UK-6%; Slovenia-10%) and rinsing raw meat (UK-27%; Slovenia-67%).

Significance: The findings from UK and Slovenia indicate similar trends in perceptions and practices among raw meat-based feeding pet owners; one
exception was the practice of rinsing raw meat, which could be country-specific and requires further investigation. Study determined that pet owners may
be overly optimistic about the competence to prepare raw meat-based food safely. These findings could inform the design of future interventions and
comprehensive instructions, raising awareness and encouraging safe raw meat-based pet food preparation practices.

T9-11 What are the Factors Affecting the Efficacy of a Natural Anti-Sa/lmonella Solution in Fat and Animal
Meal?

Gilles Kergourlay and Francoise Michel Salaun
Symirise, Elven, France

Introduction: Fat and animal meal are key raw materials in the pet food industry but highly sensitive to Sa/monella post-cooking contamination. Preser-
vatives are therefore needed to ensure microbial safety, but several factors can influence their inhibitory efficacy.

Purpose: This study aims to measure the impact of some factors such as impurities, type of fat, moisture, temperature, and dosage on the anti-Salmo-
nella efficacy of a natural preservative.

Methods: Antimicrobial efficacy was measured with the logarithmic reduction of Salmonella over time under changing conditions and expressed as
kinetics or area under curve. An experimental design was used for some factors and the physiological stress of Salmonella cells was examined with the
selective medium plating technique.

Results: The level of impurities up to 2% in poultry fat didn't significantly impact the efficacy of a natural preservative (p-value=0.48). However, the
performance was moderately altered (p-value=0.02) for fat with moisture values up to 3%, well above recommended limits (2.5%). The physiological stress
of Salmonella cells shows, in the presence of a preservative, a maximal level for the highest values of moisture and impurities, interestingly opposed to the
results without preservative. In addition, the preservative efficacy seems only slightly impacted (p-value=0.04) by the time spent in fat. It's notable that, for
the same level of quality, beef fat shows the greatest impact on the efficacy of the preservative (p-value<0.05). Finally, the temperature plays an important
role in antimicrobial efficacy, either directly as for fat, or indirectly as for meal, by potentiating the effect of the antimicrobial.

Significance: Several factors seem to impact the efficacy of preservatives, in particular moisture level and the type of fat and of course temperature,
that is a key point. Finally, to ensure an optimal microbial safety, it is crucial to take care of the raw materials quality in addition to the use of a natural
preservative.
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T9-12 Development of a Radio-Frequency Technology for the Decontamination of Salmonella from
Timothy Hay
Deandrae Smith

Purdue University, LAFAYETTE, IN

Introduction: Radiofrequency (RF) heating utilizes high-frequency electromagnetic waves in the RF range to generate heat in a targeted material or
substance.

Purpose: The objectives of this research were to: 1) Investigate the efficacy of RF heating on the decontamination of Salmonella enterica and Enterococcus
faecium NRRL B-2354 in Timothy Hay, 2) Evaluate the suitability of E. faecium as a surrogate of Salmonella in Timothy hay during RF treatment, and 3) Assess
the physicochemical changes after RF treatment on the Timothy hay on vitamins, amino acids, fatty acids, and trace minerals.

Methods: A pilot-scale parallel-plate RF heating system (6 kW, 27.12 MHz) was used to conduct this study. Timothy Hay was procured from a pet food
manufacturing plant in Lincoln, Nebraska, at an initial MC of 7% to 9% (wet basis). Timothy hay samples (150 g) were inoculated with either a cocktail con-
taining five serotypes of Salmonella or a broth of Enterococcus faecium, then incubated at 37-C for 24+2 h. Timothy hay samples were exposed to RF energy
for 165, 175, 185, and 195 s. This resulted in 12 samples (4 heating durations x 3 replicates). A one-way fixed effects ANOVA and Tukey's HSD test were
performed to determine significant differences between samples.

Results: After RF treatments, Salmonella loads were reduced to 5.80+0.24, 4.00+£0.27, 1.42+2.01 log CFU/g and below the detection level after 195 s.

At 165 and 175 s of RF treatments, the E. faecium loads were reduced to 7.50+0.14 and 6.39+0.31 log CFU/g and below the detection level at 185 and 195
s. There were no statistically significant changes in the Iron, Vitamin A, or Amino Acid responses because of increasing RF treatment duration. However,
sodium levels increased, and potassium and calcium levels decreased in response to the increasing RF treatment durations.

Significance: The study demonstrated a non-chemical approach to decontaminating Salmonella and its surrogate, Enterococcus faecium, from low-mois-
ture foods such as pet foods.

T10-01 Development of a Novel Multiplex Probe-Based, Real-Time PCR Assay for Simultaneous Detection
of EHP and WSSV Infections in Shrimps

Radha Hariharan', Rajas Warke?, Kavita Khadke?, Kamlesh Jangid', Sujata Hajra?, Priyanka Dargode', Shivani Singh', Sneha Purageri’
and Priyanka Mulye3
"HiMedia Labs.Pvt. Ltd., Mumbai, India, 2HiMedia Laboratories Pvt. Ltd., Mumbai, India, 3HiMedia Labs. Pvt. Ltd., Mumbai, India

Introduction: Shrimp farming contributes around 53% of global seafood production. Losses due to Enterocytozoon hepatopenaei (EHP) and white spot
syndrome virus (WSSV) infection are amongst the most significant in shrimp aquaculture. Thus, early diagnosis with rapid and reliable detection of these
viruses is essential for quick surveillance and control.

Purpose: To develop a valid method for simultaneous detection of EHP and WSSV infections in shrimps.

Methods: EHP and WSSV specific gene targets were chosen for developing the multiplex assay. Target specific primers and probes were designed and
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evaluated on synthetic DNA at different concentrations and temperature conditions. Assay sensitivity, specificity, repeatability and robustness were per-
formed according to the FDA guidelines. Assay validation was carried out on EHP and WSSV positive and negative shrimp samples. The DNA from shrimp
samples was extracted using HiPurA® Shrimp DNA Purification kits (manual and magnetic). All magnetic extraction and PCR assays were performed on
HiMedia's InstaNX®Mag16/InstaNX®Mag32 nucleic acid extractor and InstaQ 96 plus RT-PCR machines, respectively.

Results: HiMedia's Hi-PCR® EHP and WSSV detection multiplex probe PCR assay was developed with high specificity, sensitivity and robustness. The
sensitivity attained was 2.82 copies/pL and 141 copies/pL for EHP and WSSV, respectively. A 100% specificity was obtained for both targets when evalu-
ated with the other reported Shrimp infecting pathogens. Also, no variation in results were observed with change of person and machine indicated the
robustness of the assays. Overall, the developed assay was found to be specific, sensitive, robust, reliable and expeditious with analysis times less than 70
minutes (less than 3 hrs including extraction).

Significance: HiMedia's Hi-PCR® EHP and WSSV detection multiplex probe PCR assay coupled with extraction offers complete solution for automated
and simultaneous detection of EHP and WSSV in shrimps. It will aid as a reliable molecular tool for early detection of shrimp infections, thereby prevention
of disease outbreaks and economic losses.

T10-02 Evaluation and Modeling the Shelf Life of Shrimps Under the Frozen Temperatures

Yan-Ling Chee’, Shu-Han You' and Hsin-I Hsiao?
Yinstitute of Food Safety and Risk Management, National Taiwan Ocean University, Keelung, Taiwan, 2Department of Food Science, National Taiwan Ocean
University, Keelung, Taiwan

Introduction: The online on-demand food delivery service is experiencing explosive growth. Some seafood products like shrimps require frozen tem-
peratures during transport and storage to maintain the quality of this seafood. However, temperature fluctuation frequently occurs during transport or
storage due to, among others, loading/unloading activities.

Purpose: The purpose of this study was to evaluate the shelf-life of shrimps (Litopenaeus vannamei) under frozen temperature regimes.

Methods: Shrimp samples were purchased from a farmer in Yilan, Taiwan. Samples were cleaned and stored in various frozen temperature levels (-5,
-10, -15, and -20°C). The shelf-life was determined by evaluating the changes in chemical and microbiological properties as well as the sensory attributes.
The changes were then analyzed using Arrhenius kinetic model.

Results: The TVBN values (Total volatile basic nitrogen) of the shrimp stored at -5 and -10°C exceeded the spoilage level (25 mg/100g) after 1.5 and 7
months of storage, respectively. Conversely, the TVBN value of this seafood stored at -15 and -20°C did not reach the spoilage level even after 12 months
of storage. Furthermore, this study observed that the total viable count of all the shrimp samples kept under -5, -10, -15, and -20°C did not reach the spoil-
age level (6 log CFU/g) after 1.5, 7, 12, and 12 months of storage, respectively. Based on sensory evaluation, the shrimp samples stored at -5, -10, -15, and
-20°C were rejected by the participants after 1.5, 5, 11, and 12 months of storage, respectively, due to melanosis problems.

Significance: Based on chemical and microbial properties, keeping the shrimp under -20°C could preserve the shelf-life of shrimp for more than 12
months. However, it was rejected by the participants after 12 months of storage due to the sensory changes. Allowing the temperature fluctuation higher
than -20°C would result in a shorter shelf-life of this seafood.

T10-03 Use of Digital PCR (dPCR) as a Complimentary Method for Detection of Cyclospora cayetanensis

Mauricio Durigan’ and John Grocholl?
'U.S. Food and Drug Administration - CFSAN, Office of Applied Research and Safety Assessment, Laurel, MD, 2U.S. Food and Drug Administration, Center for
Food Safety and Applied Nutrition, Laurel, MD

Introduction: Digital PCR (dPCR) is a technology used for quantification of microorganisms and differs from traditional quantitative PCR (qPCR). In dPCR
DNA samples are separated into thousands of micro-partitions, allowing for attributing amplification of target(s) to a specific molecule.

Purpose: Evaluation of the dPCR technology for Cyclospora cayetanensis research via detection of a mitochondrial gene target and compare the advan-
tages and limitations, data generated, and quantified results of dPCR to qPCR.

Methods: A library of different C. cayetanensis DNA samples was processed using the standard method (BAM Chapter 19¢) and qPCR data was generated
(Ct values from 22.58 to 36.35). Samples were run in QlAcuity Digital PCR and data output were compared qualitatively.

Results: The dPCR readings per partitions are presented in copies/pl and the threshold can be independently defined per sample. qPCR data were
reported as cycle threshold data (Ct) or copies/pl when compared to standard curves. gPCR had one defined threshold for all samples (0.08) while dPCR
allowed individual threshold setting per samples to differentiate background from amplified fluorescence. Lowest and highest threshold were 61.46 and
64.01, respectively. All samples previously detected by qPCR were detected by dPCR. The protocol that provided best results contained primers and probe
in the final reaction at the concentration of 0.8uM each.

Significance: dPCR can provide absolute quantification without the need of standard curves. This method is sensitive according to our tests, howev-
er more samples from different matrices (food and water matrices) need to be tested to evaluate the performance of the method when inhibitors are
present. Absolute quantification is important since different laboratories from government agencies or state health department may need to compare
results with standardized methods. Our findings suggest that dPCR may contribute as a complementary method for the detection of foodborne parasites
in combination with current standard protocols.

T10-04 Transfer of SARS-CoV-2 Surrogate Bacteriophage Phi6 from Tomatoes to Gloves to Cucumbers and
Its Persistence on Discarded Gloves

Ruthchelly Tavares', Alyson José dos Santos Franco', Fernando Azevedo de Lucena', Maria Mayara de Souza Grilo', Geany Targino de
Souza Pedrosa’, Atila Lima?, Donald W. Schaffner® and Marciane Magnani*
"Federal University of Paraiba, Jodo Pessoa, Brazil, 2Rutgers University, New Brunswick, NJ, Rutgers, The State University of New Jersey, New Brunswick, NJ,
4Federal University of Paraiba, Jodo Pessoa, Paraiba, Brazil

Introduction: The preventive measures employed to control SARS-CoV-2 dissemination includes the use of plastic gloves during fresh-produce shop-
ping. Little is known about the transfer of SARS-CoV-2 from gloves to fruit and its persistence on discarded gloves.

Purpose: This study assesses the transfer of the SARS-CoV-2-surrogate bacteriophage Phi6 from tomato to high density polyethylene (HDPE) plastic
gloves to cucumber, and its persistence on used gloves at room temperature.

Methods: Phi6 was propagated using Pseudomonas syringae pathovar phaseolicola as host on Luria-Bertani agar (LB) plates using the double agar over-
lay method. LB plates were incubated overnight at 25°C and viral titer enumerated for all the sampling points indicated below. Phi6 was spot inoculated
on the surface of sanitized tomatoes (6 log PFU/ml) and dried for 1 h. The forefinger of a gloved hand (~4 cm? contact area) was kept in contact without
pressure with the inoculated surface for 2, 5, 10 or 30s. The same gloved forefinger was then pressed for 2, 5, 10 or 30 s onto a sanitized cucumber. Bacte-
riophage phi 6 persistence on HDPE gloves after 30s of contact with tomatoes was also measured at 25°C over 9 days.

Results: Phi6 transfer from tomato to gloves increased with increased contact time. The highest transfer of Phi6 from tomato to glove was observed
after 30 s (4.8 log PFU/sample; 81%), and after 30 s from gloves to cucumber (2.2 log PFU/g; 46%). Phi6 counts decreased by approximately 2.8 and 3.4 log
PFU/glove after 3 and 6 days of storage, respectively. Viral particles on gloves were below detection limit (1.5 PFU/sample) after 9 days.

Significance: Phi6 can be transfer from HDPE gloves to fresh fruit suggesting SARS-CoV-2 will as well. Phi6 transferred from fruit to plastic gloves can
persist at 25°C. These results will be useful for managing SARS-CoV-2 risk in fresh produce and on gloves.
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T10-05 Evaluation of a New Automated Viral RNA Extraction Platform on at-Risk Food Matrices

Mathilde Trudel-Ferland’, Marie-Eve Collard", Eric Jubinville'!, Fabienne Hamon? and Julie Jean'
YInstitut sur la nutrition et les aliments fonctionnels, Université Laval, Québec, QC, Canada, bioMérieux, Inc., Grenoble, France

0:0 Developing Scientist Entrant

Introduction: Produce and mollusks are often associated with foodborne viral outbreaks, such as human noroviruses (NoV) and hepatitis A virus (HAV).
As these viruses are the leading cause of foodborne illnesses worldwide, their detection in foods is critical.

Purpose: Herein, we optimized and validated an automated extraction platform for viruses in several food matrices. The optimized method was com-
pared to a semi-automated method using the Boom methodology for nucleic acid extraction as suggested by the reference method I1SO 15216-1:2017.

Methods: Fresh or frozen raspberries, frozen blackberries (25 g), romaine lettuce (25 g) and oyster digestive glands (2 g) were spiked with NoV GlI.4 and
Gl.7 and HAV at either 102 10% or 10* genome copies in deionized water/sample. The ISO method was used for the elution, recovery, and purification of all
samples. Viral RNA was extracted using the semi-automated or the automated platform. A column purification was also added after the extraction on the
automated platform to further remove RT-qPCR inhibitors. All experiments were replicated three times.

Results: While optimizing on frozen raspberries, the elution of HAV RNA (10 copies/sample) from the silica beads at the end of the extraction allowed
a detection at lower Cq for the automated platform (10 min, 80°C) than the semi-automated platform (5 min, 60°C). The addition of a column purifica-
tion after the extraction also allowed a better detection (P=0.0404 and P=0.0082 respectively, two-way ANOVA). For NoV GlI.4, the effect of the optimized
extraction was significant (P=0.0183). For the comparison between the two platform, results were analyzed in a qualitative detection (presence/absence of
signal), the two methods showed similar results for the five food matrices studied.

Significance: These results show that the automated extraction platform can be performed easily by users without constant attention while obtaining
equivalent and even superior results, thus showing its potential for routine analysis through food processing and surveillance.

T10-06 Trends in Reported lliness Due to Poultry- and Non-Poultry Associated Sa/lmonella Serotypes

Mark Powell
US Department of Agriculture, Washington, DC

Introduction: Despite the reported reduction of Salmonella prevalence in poultry products, the reported overall incidence of Salmonella infection in the
United States did not decline between 1996-2019; however, temporal patterns vary among Sa/lmonella serotypes.

Purpose: The objective of the study is to analyze trends in reported illness due to poultry- and non-poultry associated Sa/monella serotypes.

Methods: The analysis considers the available FoodNet Salmonella serotype human annual incidence data for 1996-2019. Serotypes associated with
poultry are identified based on a recent report by the National Advisory Committee on Microbiological Criteria for Food (NACMCF) and Food Safety Inspec-
tion Service (FSIS) sampling of chicken parts during 2015-2021. Statistical analyses are divided into two parts. The first analysis is a generalized additive
model (penalized B-spline regression) of Salmonella serotype incidence trends that produces 95% confidence bands around the estimated curves. The
second is a compositional data analysis that evaluates temporal changes in the proportion of culture-confirmed Sa/monella incidence due to identified
serotypes, with trend tested using the non-parametric Mann-Kendall procedure.

Results: The analyses demonstrate significant declining trends in the incidence and proportion of poultry-associated Sa/monella serotypes (P<0.05) and
significant increasing trends in the Salmonella serotypes not associated with poultry (P<0.05).

Significance: While the declining trend in the incidence of illness due to poultry associated Sa/monella serotypes is consistent with the reported reduc-
tion of Salmonella prevalence in poultry products, it does not necessarily follow that the decline can be attributed to the decreased prevalence in poultry
products. However, the increasing trend in the incidence of non-poultry associated Salmonella serotypes cannot be attributed to poultry products.

T10-07 Diarrhea lliness Management and Associated Costs in Healthcare Facilities in Ethiopia

Lina Mego', Devin LaPolt?, Amete Miheret3, Binyam Moges Azmeraye?*, Getnet Yimer* Desalegne Degefaw? Dessie Angaw®, Galana
Ayana®, Barbara Kowalcyk’ and Silvia Alonso®
'Animal and Human Health Program, International Livestock Research Institute, Addis Ababa, Ethiopia, *Center for Foodborne lliness Research and
Prevention, Department of Food Science and Technology, The Ohio State University, Columbus, OH, 3Ethiopian Public Health Institute, Addis Ababa, Ethiopia,
4The Ohio State University Global One Health Initiative Eastern Africa Regional Office, Addis Ababa, Ethiopia, *University of Gondar, Gondar, Gondar,
Ethiopia, *Haramaya University, Haramaya, Ethiopia, "The Ohio State University, Center for Foodborne Iliness Research and Prevention, Translational Data
Analytics Institute, Columbus, OH, 8international Livestock Research Institute, Addis Ababa, Ethiopia

0:0 Developing Scientist Entrant
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Introduction: Healthcare facility-level data on diagnostic, treatment practices and patient costs for diarrheal illness can help characterize the extent and
nature of Food Borne Diseases (FBDs) and the capacity of countries to manage food safety risks.

Purpose: To characterize health-facility management practices and costs of diarrheal iliness in Ethiopia.

Methods: A cross-sectional survey of healthcare facilities in Addis Ababa, Harar, and Gondar, Ethiopia was conducted from October 2021 to September
2022. Alist of health facilities, including private and public, was obtained from regional health offices in the study sites and 179 facilities were selected us-
ing stratified random sampling. One administrator and up to three workers were interviewed in each facility to assess diagnostic and treatment practices
as well as costs associated with diarrheal illnesses.

Results: Facilities in Addis Ababa (100%) and Gondar (80%) served urban/peri urban dwellers while those in Harar served mostly rural (77%) communi-
ties. Laboratories were available in 60% of facilities; less than half had pediatric units. The median number of diarrhea patients seen per worker per week
was 4 (IQR 1 - 10) and stool specimens were obtained from half of these patients. Samples were primarily tested for protozoa (36%) and bacteria (5%). Oral
fluids and antibiotics were prescribed, on average, to 60% and 55% of diarrhea patients, respectively. The median cost of one healthcare provider visit for
diarrhea varied from 0.09 to 0.71 USD while laboratory testing of a single stool specimen costed 0.62 USD.

Significance: Diagnostics-based management of diarrhea is rare in healthcare facilities in Ethiopia. Bacterial testing of stool samples is rare, but
prescription of antibiotics to treat diarrhea is not uncommon and these results can guide efforts to understand how FBD diarrhea management could be
improved in the country.

T10-08 Creation of a Novel Foodborne lliness Disease Surveillance Approach Combining Wastewater-
Based Epidemiology and Social Media Semantic Filtering

Benjamin Chapman', Kenton White?, Roger Levesque® and Lawrence Goodridge*
"Department of Agricultural and Human Sciences, North Carolina State University, Raleigh, NC, Advanced Symbolics, Ottawa, ON, Canada, 3IBIS, Laval
University, Quebec city, QC, Canada, *Department of Food Science, University of Guelph, Guelph, ON, Canada

Introduction: Traditional foodborne illness outbreak identification relies on passive surveillance and is subject to delays in case reporting, resulting
in prolonged retail of contaminated food and increased human exposure. Interdisciplinary novel modern approaches to active disease surveillance are
needed to accelerate outbreak identification and provide investigators earlier warning. Wastewater based epidemiology (WBE) has been demonstrated to
provide signals of human disease prior to identification of cases. Online discussions and posting in social media have been shown to occur when individu-
als areill.

Purpose: To optimize an approach model to validate a novel active surveillance system by combining two continuously monitored community disease
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surveillance approaches: pathogen identification through WBE and social media semantic filtering (SMSF) of online discussions.

Methods: Over a 8 month period, wastewater was sampled weekly on a University campus, and samples were evaluated using real-time polymerase
chain reaction (RT-PCR) and metagenomics for a variety of human pathogens. Human case data was obtained from the University and local Public Health
Unit. When WBE identified a signal which was associated with human cases, a retrospective semantic filtering of social media related to a variety of symp-
toms was conducted to evaluate whether online discussions geofenced to the ultra-local areas where clusters were identified.

Results: WBE identified 4 illness clusters or sporadic cases during the sample period in specific dormitory residences. Retroactive SMSF showed an
increase of symptomatic discussions and key words prior to case reporting in a similar timeframe as WBE. These clusters were subsequently confirmed
through traditional public health approaches (clinical and symptomatic evaluation).

Significance: Monitoring conducted in a geographically localized early warning system permitted the early detection of iliness outbreaks in a single com-
munity. Preliminary work demonstrates that there is value in combining WBE with SMSF and this approach provides a model for the early identification of
foodborne pathogens in other locations.

T10-09 Prevalence and Risk Factor Identification of Foodborne lliness Associated Pathogens in Laboratory
Confirmed Cases of Enteric Infection in Ethiopia

Devin LaPolt', Binyam Moges Azmeraye?, Desalegne Degefaw?, Getnet Yimer?, Silvia Alonso® and Barbara Kowalcyk*
"Center for Foodborne lliness Research and Prevention, Department of Food Science and Technology, The Ohio State University, Columbus, OH, 2The Ohio
State University Global One Health Initiative Eastern Africa Regional Office, Addis Ababa, Ethiopia, 3International Livestock Research Institute, Addis Ababa,
Ethiopia, “The Ohio State University, Center for Foodborne lliness Research and Prevention, Translational Data Analytics Institute, Columbus, OH

o%* Developing Scientist Entrant

Introduction: Enteric diarrheal disease is a major contributor to morbidity and mortality worldwide; however, in Ethiopia, there is little information
on the incidence of clinically confirmed enteric infections. Understanding the prevalence of enteric infections is necessary for determining the burden of
foodborne disease in Ethiopia and identifying risk factors associated with illness.

Purpose: The objective of this study is to estimate the prevalence of laboratory-confirmed parasitic and bacterial infection and identify risk factors
associated with illness.

Methods: Laboratory results and associated patient metadata for stool samples tested at the clinical microbiology and parasitology laboratories in three
hospitals in Ethiopia from 2018 through 2020 were collected and digitized. Descriptive statistics were used to summarize laboratory test results. Logistic
regression was used to identify factors associated with positive test results.

Results: Of 27,592 fecal samples collected, 29.65%, 5.00%, and 65.35% were tested, respectively, for parasites, bacterial pathogens, and both parasites
and bacteria. The proportion of fecal samples positive for at least one microbial pathogen was 0.1336 (Cl: 0.1296, 0.1376). Adults were 1.463 (Cl: 1.350,
1.586) times more likely to have a fecal sample positive for a bacterial or parasitic pathogen compared to children. Additionally, region was significantly as-
sociated with a positive sample; samples from Gondar (OR: 4.307 [Cl: 3.815, 4.861]) and Harar (OR: 4.470 [Cl: 3.759, 5.315]) were more likely to test positive
compared to those from Addis Ababa. Compared to the dry season, samples collected during light rain (OR: 1.137 [Cl: 1.039, 1.243]) and long rain seasons
(OR: 1.136 [Cl: 1.043, 1.239]) were more likely to be positive.

Significance: Region, age, and season were significantly associated with having a fecal sample test positive for an enteric pathogen. Further investiga-
tion of the role of these factors in enteric diarrheal disease will contribute to better understanding of the burden of diarrheal disease in Ethiopia.

T10-10 Investigating the Food Sources of Extended-Spectrum B-Lactamase-Producing E. coli Causing
Community-Acquired Urinary Tract Infections in Bangladesh: A Molecular Epidemiological Study

Mohammed Badrul Amin', Mahdia Rahman’, Kazi Injamamul Huq', Md. Rayhanul Islam’, Subarna Roy' and Mohammad A. Islam?
International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b), Dhaka, Bangladesh, Paul G. Allen School for Global Health, Washington State
University, Pullman, WA

Introduction: Multidrug resistant (MDR) Escherichia coli causing urinary tract infections (UTI) are presumed to have originated in poultry and transmitted
to humans via the food chain. There is insufficient evidence from epidemiological studies to recognize that food is a source of MDR uropathogenic E. coli
(UPEQ).

Purpose: |dentify foodborne sources of MDR UPEC by sampling both community-acquired UTI (CA-UTI) patients and high-risk food sources contempora-
neously in Dhaka, Bangladesh and analyze the isolates for phylogenetic relatedness.

Methods: During 2017-2018, 2297 food samples including raw poultry meat (n=970), fresh-produce (n=504), raw fish (n=334), raw eggs (n=327) and raw
beef (n=162) samples collected from 14 wet-markets in Dhaka were tested for E. coli and ESBL-producing E. coli (ESBL-Ec). During this time, 112 ESBL-Ec
strains isolated from 394 CA-UTI patients living in the same areas were included for comparative analysis. Phylogroups of food and clinical ESBL-Ec were
identified, and isolates belonged to the same phylogroups were analyzed by whole genome sequencing (WGS).

Results: About 87% (n=1993) food samples were E. coli positive, of which 30% (n=600) were ESBL-Ec. Poultry meat was predominantly positive for
ESBL-Ec (43%, n=421) followed by raw beef (36%, n=58), raw fish (24%, n=74), eggs (12%, n=22) and fresh-produce (6%, n=25). Majority of clinical ESBL-Ec
(67%) belonged to phylogroup B2 but none of the food isolates belonged to this phylogroup. Phylogroups A, C, D, E and F were common in both sources
comprising 33% of clinical and 84% food ESBL-Ec isolates. WGS analysis revealed that only 3 clinical ESBL-Ec matched with poultry isolates by their phy-
logroups (D, F, F), multi-locus sequence types (ST38, ST457, ST648) and serotypes (01:H18, 011:H25, 0102:H6).

Significance: Except for three isolates, all ESBL-Ec from food sources were phylogenetically unrelated to ESBL-Ec from CA-UTI patients indicating that
MDR UPEC are less likely to have originated from food sources.

T10-11 Impact of the COVID-19 Pandemic on Food Safety Infraction and Pass Rates in Restaurants and
Take-Out Facilities in Toronto, Canada

lan Young, Binyam Negussie Desta and Fatih Sekercioglu
Toronto Metropolitan University, Toronto, ON, Canada

Introduction: The coronavirus disease (COVID-19) pandemic resulted in major disruptions to the food service industry in 2020, including temporary
closures of indoor dining, a shift to providing take-out meals, and implementation of enhanced infection control measures to prevent COVID-19 virus
transmission.

Purpose: The objective of this study was to conduct an interrupted time series analysis to investigate the impact of the COVID-19 pandemic on food
safety inspection trends in Toronto, Canada.

Methods: Inspection data were obtained from the City of Toronto from Jan. 2017 to Aug. 2022 and ordered as a weekly time series. Segmented regres-
sion was conducted using a Bayesian framework to evaluate weekly infraction rates (per number of inspections conducted) and inspection pass rates (vs.
conditional pass or fail outcomes). These two outcomes were modelled as negative binomial and binomial regression models, respectively. Both models
included time, the week of pandemic declaration (Mar. 17, 2020), and their interaction as fixed effects, and month as a varying effect. The final dataset
included data on 77,019 inspections over 280 weeks during the study timeframe.

Results: On average, a 0.33-point lower weekly infraction rate (95% credible interval [CI]: 0.26, 0.41) and a 1.8% higher probability of passing food safety
inspections (95% Cl: 1.0%, 2.6%) were found in the pandemic period compared to before the pandemic. Models predicted much lower infraction rates and
higher pass rates immediately following the pandemic that are regressing back toward pre-pandemic levels in 2022. Seasonal effects were also identified,
with infraction rates highest in April and inspection pass rates lowest in August.
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Significance: The COVID-19 pandemic resulted in an initial positive effect on food safety outcomes in restaurants and take-out food establishments in
Toronto in 2020, but this effect appears to be temporary. Additional research is needed on long-term inspection trends post-pandemic, and to further
investigate noted seasonal inspection trends.

T10-12 Investigating Socio-Environmental Inequities in the Consumption of Unsafe Food and Water in
Canada

Grant Hogan, Samantha McReavy, Brenda Zai, Kieran O'Doherty, Andrew Papadopoulos and Lauren Grant
University of Guelph, Guelph, ON, Canada

Introduction: Foodborne and waterborne diseases are preventable diseases affecting over 4 million Canadians annually. This burden is inequitably
borne by certain socio-environmental populations. Due to a lack of routinely collected data, the extent of socio-environmental inequities is poorly under-
stood.

Purpose: Our objective is to summarize knowledge on socio-environmental inequities in foodborne and waterborne diseases in Canada, including
socio-environmental stratifiers used and sub-populations and geographic regions where inequities have been described.

Methods: We conducted a scoping review to identify relevant Canadian academic and grey literature. A comprehensive search strategy of keywords and
MeSH terms of relevant foodborne and waterborne diseases, biological and chemical contaminants, and Canadian geography was developed and applied
to academic and grey literature. Citations were deduplicated and screened by two independent reviewers in two stages, first screening titles and abstracts
and then screening full texts, against study inclusion criteria. Data from full text articles was extracted and summarized according to socio-environmental
stratifiers.

Results: Our initial search yielded 10795 articles. Thirty-five articles were identified for data extraction. Several socio-environmental stratifiers were eval-
uated, including age (34), place of residence (28), gender/sex (28), seasonality (13), socioeconomic status (7), Indigenous status (3), and race/ethnicity (2).
Inequities by language, occupation, religion, and social capital were not studied. The most commonly studied diseases or contaminants were salmonellosis
(6), cryptosporidiosis (4), Escherichia coli (4), and mercury (4). Study locations were distributed across Canada, including: BC (3), Alberta (4) Manitoba (2),
Ontario (6), Quebec (6), Newfoundland and Labrador (1), PEI (1), NWT (3), Nunavut (1), and multi-province (8).

Significance: My research is the first to synthesize evidence of foodborne and waterborne disease inequities in Canada using a broad range of so-
cio-environmental factors. Anticipated impact includes motivating new areas of research, adding high-quality evidence to inform public health action, and
ultimately reducing inequities by tailoring prevention strategies.

T11-01 Microbial Dynamics in Mixed-Culture Biofilms of Salmonella Typhimurium and Escherichia coli
0157:H7 and Bacteria Surviving Sanitation of Conveyor Belts of Meat Processing Plants

Hui Wang', Scott Hrycauk’, Devin Holman', Timothy Ells? and Xianqin Yang?
Agriculture and Agri-Food Canada, Lacombe, AB, Canada, ?Agriculture and Agri-Food Canada, Kentville, NS, Canada, 3Agriculture and Agri-Food Canada,
Lacombe Research and Development Centre, Lacombe, AB, Canada

Introduction: Biofilms are recognized for their role in recurring contamination of meat with foodborne pathogens including Sa/monella Typhimurium
and Escherichia coli 0157:H7. Biofilm formation by pathogens is affected by their inherent biofilm-forming capabilities and environmental factors including
the companion microbiota.

Purpose: To determine the impact of meat processing surface bacteria (MPB) on biofilm formation by E. coli (non-biofilm former) and S. Typhimurium
(strong biofilm former).

Methods: MPB were recovered from the contacting surface (CS), non-contacting surface (NCS), and roller surface (RS) of a beef plant conveyor belt after
sanitation. E. coli and S. Typhimurium were co-inoculated with MPB (CO) or after a delay of 48 h (IS) into biofilm reactors containing stainless steel coupons
and incubated at 15°C for up to 144 h. Coupons were withdrawn at 2, 48 and 144 h (CO) or 2, 48, 50 and 144 h (IS) and analyzed by conventional plating
method and 16S rRNA gene amplicon sequencing.

Results: The total bacterial counts in biofilms reached approximately 6.5 log CFU/cm?, regardless of MPB type or development mode. The mean counts
for 0157 and ST under equivalent conditions mostly did not differ (P>0.05), except for the IS set at 50 h where no O157 were recovered. E. coli and S. Typh-
imurium were 1.6+2.1% and 4.7+5.0% (CO) and 1.1+2.2% and 2.0+2.8% (IS) of the final population. Pseudomonas dominated the MPB inocula and biofilms,
regardless of MPB type or development mode.

Significance: Mixed-species biofilms of post-sanitation equipment microbiota can assimilate both biofilm-forming and non-biofilm-forming strains of
pathogens. Thus, the findings suggest sanitation focusing on pathogens as well commensal bacteria on equipment would be necessary to avoid pathogen
persistence in food processing environment.
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T11-02 The Management of Salmonella Enteritidis in New Zealand’s Commercial Poultry Flocks after a
2021 Incursion

Kate Thomas, Nadia Vather, Janice Attrill, Glen Bradbury, Elaine D'Sa, Kerushini Govender, Elsje Marneweck, Hayley Stevenson, Aaron
Tangaroa and Roger Cook
New Zealand Food Safety, Wellington, New Zealand

Introduction: New Zealand (NZ) commercial poultry flocks were considered free of Salmonella Enteritidis (SE) until March 2021, when SE sequence type
(ST) 11, phage type (PT) 8, was detected at slaughter during routine testing. The isolate was genomically linked to ongoing human cases as well as a restau-
rant outbreak dating to 2019.

Purpose: An emergency response was launched by New Zealand Food Safety, with support from poultry industry bodies, to determine the extent of the
incursion across commercial poultry farms and manage the risks of SE infections.

Methods: The ongoing response included investigation of live poultry breeders, growers, and transport routes, whole genome sequencing of human
and veterinary SE isolates, and intensive environmental testing of 25 farms representing 80% of the national egg supply. An emergency control scheme
implemented to, among other measures, enhance on-farm biosecurity, improve cleaning and disinfection protocols, and mandate vaccination and envi-
ronmental testing.

Results: Three farms were found to be positive for the SE outbreak strain and all had direct or indirect links to a single hatchery, which also tested
positive for the outbreak strain. As part of the response, raw product from subsequent positive flocks was prevented from entering the human food chain.
Intensive environmental testing after depopulation, cleaning and disinfection of positive sheds and continued environmental testing continues to give
some confidence that SE is no longer at detectable levels on these farms.

The NZ poultry industry is being supported through a transition phase to include Salmonella as part of commercial poultry farms’ risk management
programmes.

Significance: Monitoring of the entire poultry chain for SE continues. Some sporadic human cases of the outbreak strain have been identified in 2023.
The incursion may have been detected early enough to prevent long-term establishment and further spread of SE. The increased biosecurity and contin-
ued testing will contribute to preventing another incursion.
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T11-03 In-Feed Supplementation of Linalool Reduces Salmonella Enteritidis Colonization in Broiler
Chickens

Leya Susan Viju', Divya Joseph', Veera Venkata Praveen Raja Kosuri', Brindhalakshmi Balasubramanian', Chen Zhu', Jodie Allen’,
Trushenkumar Shah', Atul Walunj', Abraham Joseph Pellissery?, Neha Mishra3, Abhinav Upadhyay' and Kumar Venkitanarayanan'’
"Department of Animal Science, University of Connecticut, Storrs, CT, 2Department of Comparative, Diagnostic and Population Medicine, College of
Veterinary Medicine, University of Florida, Gainesville, FL, *Department of Pathobiology and Veterinary Science, Connecticut Veterinary Medical Diagnostic
Laboratory,University of Connecticut, Storrs, CT

0:0 Developing Scientist Entrant

Introduction: Salmonella Enteritidis (SE) is a major foodborne pathogen with chickens serving as a reservoir host. Effective, non-antibiotic-based, on-
farm strategies for reducing SE colonization in chickens are critical for enhancing the microbiological safety of poultry products.

Purpose: This study investigated the efficacy of in-feed supplementation with Linalool (3,7-Dimethylocta-1,6-dien-3-ol), a “generally recognized as safe”
(GRAS) compound in reducing SE colonization in broilers.

Methods: Day-old chicks (n=212/experiment) were assigned to six treatment groups (n=24/treatment group): negative control (no SE, no linalool), three
compound control groups (no SE, fed with 1%, 1.5%, 1.8% [v/w] linalool), positive control (SE, no linalool), and three compound treated, SE challenged
groups (SE, fed with 1%, 1.5%, 1.8% linalool). On day 7, birds receiving SE challenge were inoculated with 08.0 log CFU of a four-strain cocktail of SE, and
checked for cecal colonization (n=5 chicks/experiment) after 48 h. Eight birds from each treatment group were euthanized and necropsied on days 14, 24
and 34 for enumerating SE populations in the cecum, spleen and liver. Additionally, the in vitro effect of linalool on SE colonization genes was investigated
by RT-gPCR. The experiment was replicated twice, and the data were analyzed by two way-ANOVA.

Results: In-feed supplementation of linalool (1.5% and 1.8%) for 35 days decreased SE counts in the cecum by at least 1.5 to 2.0 log CFU/g (P<0.05).
Furthermore, SE persistence in the liver and spleen in linalool-supplemented birds was lower than that in controls (P<0.05). No significant difference was
observed in the body weight and histopathological scoring among birds in the treatment groups. RT-qPCR data revealed that linalool downregulated the
expression of SE colonization genes (P<0.05).

Significance: Results suggest that in-feed supplementation of linalool is effective in reducing SE colonization in chickens.

T11-04 Assessing Salmonella Serovar Dynamics through Broiler Processing

Amber Richards' and Nikki Shariat?
"University of Georgia, Athens, GA, *University of Georgia, Department of Population Health, Athens, GA

Introduction: Nearly one in five salmonellosis cases are attributed to broilers, with renewed efforts to improve Sa/monella surveillance during broiler
production and processing. A limitation to Sa/monella surveillance is that 1-3 colonies are picked for confirmation and characterization, favoring isolation of
the most abundant serovar found in a sample, while low abundance serovars often remain undetected.

Purpose: The objective was to determine how processing interventions influence serovar population dynamics by deep serotyping Sa/monella-positive
broiler carcasses collected at hot rehang and post-chill.

Methods: Paired hot rehang and post-chill broiler carcasses were collected by USDA-FSIS from processing establishments across the U.S. from Au-
gust-November 2022. CRISPR-SeroSeq, a high-resolution sequencing approach that quantifies the relative frequency of multiple serovars presentin a
sample, was used to deep serotype all Salmonella-positive hot rehang (n=86) and post-chill (n=19) samples.

Results: This data set included 19 paired hot rehang and post-chill carcass rinses and 67 unpaired hot rehang carcass rinses (n=105). Multiple sero-
vars were detected in 41.0% (43/105) of samples, the greatest proportion being from rehang samples (95.3%; 41/43). Rehang carcasses contained more
serovars per sample (1.6 serovars/carcass, range 1-5 serovars/sample) than post-chill carcasses (1.1 serovars/sample, range 1-2 serovars/sample)(Mann
Whitney U, p=0.00932). Sixteen different serovars were identified. The most common identified in hot rehang carcasses were serovars Kentucky (73.3%;
63/86), Infantis (34.9%; 29/86), and Typhimurium (18.6%; 16/86). The predominant serovar detected in post-chill samples was also Kentucky (89.5%; 17/19).
Serovars Enteritidis (15.8%; 3/19) and Typhimurium (5.3%; 1/19) were the only other serovars detected in post-chill carcasses. There was 99.0% concor-
dance between serovars called by CRISPR-SeroSeq and whole genome sequence serotyping of single isolates.

Significance: These data demonstrate that processing interventions are effective in reducing Sa/monella, as serovar complexity was reduced in nearly all
post-chill samples. Deep serotyping is a powerful technique for profiling Salmonella populations in broiler carcasses.

T11-05 Implementation of Machine Learning and Multi Spectral Imaging in Assessing Poultry Spoilage

Lemonia-Christina Fengou', Evgenia Spyrelli', Anastasia Lytou', Fady Mohareb? and George - John Nychas'
Agricultural University of Athens, Athens, Greece, 2School of Water, Energy & Environment Cranfield University, Bedfordshire, United Kingdom

Introduction: Meat management safety and/or quality system is probably the main challenge of the agri-food industry that is expected to be addressed
in the current environment of tremendous technological progress.

Purpose: Spectral/imaging data combined with machine learning approaches might stand as promising alternatives for screening a large amount of
data accompanied by the official methods (e.g., microbiological) for verification purposes or for ambivalent samples

Methods: In total 762 poultry samples were analyzed. Three batches were used for the external validation (n=165), while the rest of the data (n=597)
were used for training and testing the model (80%-20%). The partitioning schema was selected so that the different batches, storage conditions (i.e.,
temperature, packaging), and different years of the purchase were included in both the training set and the test set of the models. Partial least squares
regression (PLSR) was applied for model development and evaluation. The data analysis was implemented in R and Rstudio using the package ‘pls.

Results: PLSR models were trained, tested, and externally validated. The R2, RMSE for the test set and external validation were 0.62, 0.88 (test set) and
0.61, 0.88 (external validation), respectively. The performance was similar in both cases which indicates the robustness of the model. MSI data showed
potential for the estimation of microbiological data considering the complexity of microbiological spoilage and the variability has been inserted in the mod-
els. In the future has been planned the investigation of a pixel-wise analysis and exploration of each parameter has been inserted in the model separately
(e.g., storage temperature).

Significance: Handling and processing big data derived from various storage conditions can provide useful information for real-time decision-making.
This work has been funded by the project DITECT (861915).

T11-06 Cultivation-Dependent and Cultivation-Independent Methods Reveal the Bacterial Ecology of
Vacuum-Packed Beef Meat with Different pH during Chilled Storage
Magdevis Caturla', Larissa Margalho?, Lucélia Cabra Cabral?, Juliana Silva da Graca“, Melline Fontes®, Carmen J. C. Castillo® and
Anderson Sant’Ana*
"University of Campinas, Campinas, Brazil, 2unicamp, Campinas, Brazil, 3State University of SGo Paulo, Rio Claro, Brazil, “University of Campinas, Campinas,
Sao Paulo, Brazil, *University of Illinois at Chicago, Chicago, IL, ®Universidade de Sdo Paulo, Piracicaba - SP, Brazil
Introduction: The spoilage of vacuum-packed beef, before reaching the expected shelf-life, leads to the loss of meat quality attributes that could affect
the Brazilian national and international markets.
Purpose: This research studied the growth of spoilage populations in vacuum-packed meat samples from three types of cuts with ranges of pH, 5.4 to

5.8,5.8t06.1 and > 6.1 stored at 0°C, 4Cand 7°C.
Methods: Culture-dependent methods were used for microbial enumeration for a maximum period of storage of 49 days. In addition, 16 Sr DNA gene
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sequencing and Headspace solid-phase micro-extraction along with Gas chromatography-mass spectrometry were used to support microbiological and
volatiles analyses, at the beginning (0 days) and the end of the storage period, at 49 days (0C), 41 days (4C), and 42 days (7 C).

Results: Lactic acid bacteria showed the highest counts (>6.0 log CFU/g), regardless of the studied conditions. Enterobacteriaceae grew in beef with
pH<5.8 stored from 0°C to 7°C. Beef with pH>5.8 and higher storage temperature led to higher counts of these bacteria (>5.0 log CFU/g). Brochothrix
thermosphacta remained mostly below the quantification limit in meat with pH 5.4 to 5.8, contrary to the behaviour observed in meat with pH>5.8 (~3.0 log
CFU/g). The genera Lactobacillus, Lactococcus and Leuconostoc predominated in all samples. Carnobacterium, Serratia, Hafnia-Obesumbacterium, and Clos-
tridium stricto sensu 5, among others, were notably involved in meat deterioration. These populations presented significant correlations (FDR<0.05) with 11
volatile organic compounds (VOC).

Significance: This work shows that lactic acid bacteria was the dominant microbiota no matter the pH of the beef cuts, pH values and storage tempera-
ture and that the pH of the beef cut, and storage temperature were critical for the bacterial ecology of beef cuts.

T11-07 The Microbiota in Lymph Nodes of Cattle Presented for Slaughter in a Canadian Meat Processing
Plant
Peipei Zhang', Cassidy Klima? and Xiangin Yang?
Agriculture and Agri-Food Canada, Lacombe, AB, Canada, *Beef Cattle Research Council, Calgary, AB, Canada, *Agriculture and Agri-Food Canada, Lacombe
Research and Development Centre, Lacombe, AB, Canada

Introduction: Lymph nodes (LNs) harboring pathogens, when being incorporated into ground beef, may cause food safety risk, however, the informa-
tion on the microbiota in LNs of cattle is very limited.

Purpose: To investigate the presence of two main foodborne pathogens, Salmonella and Shiga toxin-producing Escherichia coli (STEC) and profile the
microbiota in LNs of cattle in a federally inspected Canadian meat processing plant.

Methods: We used methods including conventional culture plating, PCR, 16S rRNA gene amplicon sequencing (16S sequencing) and metagenome
sequencing to detect/characterize microbiota in LNs. LNs at two anatomical locations, subiliac and popliteal, from 80 cattle including both cows (n=34) and
steers (n=46), were included in this study. Hides from the same cattle were also included for the detection of Salmonella and STEC.

Results: A similar proportion of both LNs (88.8%, subiliac; 86.2%, popliteal) were found to harbor bacteria, whereas a larger percentage of popliteal
LNs than subiliac LNs had Enterobacteriaceae (EB) (popliteal, 67.5%; subiliac, 42.5%) and coliforms (popliteal, 50%; subiliac, 31.2%) detected (Fisher's exact
test, P<0.05). Also, popliteal LNs (2.4 log CFU/g) had a larger bacterial load than subiliac LNs (1 log CFU/g) when bacteria were detected in both LN types
from the same cattle (T-test, P <0.05). Neither Salmonella or STEC were found in LNs although STEC was detected at a significant percentage on beef hides
(50.6%). Both 16S sequencing and metagenome sequencing found the predominance of three genera Escherichia (13-34.6% among bacterial community),
Clostridium (12.6-20.6%) and Streptococcus (9.7-10%) in LNs. With metagenome sequencing, E. coli (13%), Clostridium perfringens (11.1%) and Streptococcus
uberis (6%) were found to be predominant in LNs.

Significance: This study did not find Salmonella or STEC in either popliteal or subiliac LNs in cattle presented for slaughter. However, C. perfringens was
found abundant in certain LNs, which may cause food safety risk.

T11-08 Non-Destructive Cloth Sampling Method to Replace N60 Sampling of U.S. Beef Trim

Suzy Hammons', Eric Ebel?, Natalie Baker® and Lorenza Rozier*
TUSDA-FSIS, Washington, DC, 2U.S. Department of Agriculture - Food Safety Inspection Service, Fort Collins, CO, 2USDA Food Safety and Inspection Service, St.
Louis, MO, *USDA-FSIS, Athens, GA

Introduction: In the United States the standard N60 method for sampling beef trim products requires samplers to use hooks and knives to cut 60 pieces
of raw meat that may be analyzed for pathogens.

Purpose: FSIS conducted studies to determine if a non-destructive cloth sampling method is fit to replace N60 for regulatory sampling of domestic beef
trim products.

Methods: In addition to in-lab studies for STEC, FSIS field personnel collected cloth samples paired with routine N60 verification samples of beef
manufacturing trimmings. It was important to add a buffer to cloth samples before shipping to ensure adequate organism recovery. Paired samples were
analyzed for Salmonella presence and aerobic counts. Differences in Salmonella percent positive were evaluated by McNemar's Chi-square.

Results: There was no significant difference in Salmonella percent positive detected by cloth (45/2578; 1.7%) or N60 (52/2578; 2.0%) (p=0.37; Cl,,: -0.8%
to 0.2%). Cloth sampling recovered 0.38 log CFU/sample more aerobic bacteria than N60 sampling on average (cloth mean 4.72 log CFU/sample; N60 =
4.34 log CFU/sample). Cloth sampling is faster and less expensive than N60.

Significance: Beginning February 1, 2023, FSIS will switch to cloth sampling method for domestic beef manufacturing trimmings and bench trim for
adulterant Shiga toxin-producing Escherichia coli (E. coli) (STEC) and Salmonella.
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T11-09 FTIR-ATR Spectroscopy for the Assessment of Microbiological Quality of Meat

Angeliki Doukaki', Iro Kagiouli', Lemonia-Christina Fengou', Dimitra Dourou?, Anthoula A. Argyri®, Panagiotis Tsakanikas', Chrysoula
Tassou? and George - John Nychas*
Agricultural University of Athens, Athens, Greece, ?Institute of Technology of Agricultural Products, Hellenic Agricultural Organization - DIMITRA, Lycovrissi,
Greece, 3Institute of Technology of Agricultural Products, Hellenic Agricultural Organization (ELGO) - DIMITRA, Lycovrissi, Attica, Greece, “Agricultural
University of Athens, Athens, Attica, Greece

Introduction: The rapid and accurate food quality control is considered a crucial matter for industries. Therefore, it's significant to develop new methods
for the prediction of food spoilage.

Purpose: The main aim of this study is to predict microbiological quality of meat (beef, chicken) being in different states (fresh, frozen) using FTIR-ATR
instruments coupled with multivariate data analysis.

Methods: Two batches of each meat species, chicken (n=135) and beef (n=163) were provided by the food industries and stored under aerobic and
vacuum packaging, respectively. The storage temperatures were 0, 4, 8°C for both food commodities and 12°C for poultry samples. The fresh samples
were microbiologically analyzed for the enumeration of total viable counts (TVC) and spectral data were acquired at the same time intervals using FTIR,.
The samples were stored at -20°C and thawed after about one-two months. Spectral data were collected once again using two instruments (FTIR, FTIR )
Stratified sampling was applied so as 70% of each dataset to be used for training and 30% for testing the models. Partial least squares regression (PLS R)
was applied on the collected data for the prediction of microbiological counts after the spectral data were preprocessed.

Results: The prediction performance in terms of R? and RMSE of the test set were 0.69, 0.82 (FTIR,) for the fresh chicken samples, respectively. The
performance for the frozen samples case were R=0.51, RMSE=1.05, (FTIR,) and R?>=0.68, RMSE=0.85 (FTIR,). The respective performance of beef samples
for FTIR, (fresh: R?=0.36, RMSE=0.94, frozen: R?=0.44 RMSE=0.86) and I—TIR (frozen: R2=0.29 RMSE=0.89) was inferior.

Slgmﬂcance The collected information from this multifactorial study WI|| be further investigated in terms of important features and prediction of
the microbiological quality independent of the samples’ state (fresh, frozen) and FTIR-ATR instrument. This work has been funded by the project DiTECT
(861915).
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T11-10 Utilization of Lauric Arginate as a Surface Antimicrobial in Fresh Pork and Microwave Cooked
Bacon

Hayriye Cetin-Karaca' and Kaitlyn Compart?
'Smithfield Foods, Cincinnati, OH, 2Smithfield, Cincinnati, OH

Introduction: Lauric arginate (LAE) is an effective surface antimicrobial used by meat and poultry industry to mitigate pathogens including Listeria. There
is very limited research on the efficacy of LAE as a control intervention for recontamination and subsequent growth of L. monocytogenes on cooked bacon.
Additionally, utilization of LAE on fresh pork for Salmonella mitigation has not been studied widely.

Purpose: Objective of this study was to determine the inhibitory activity of LAE on Listeria monocytogenes inoculated microwave cooked bacon bits and
Salmonella inoculated fresh pork tenderloins at 4°C.

Methods: Microwave cooked RTE bacon bits (n=6, 50 g) and raw pork tenderloins (n=20, 100 g) were inoculated with a 6-strain L. monocytogenes (107
CFU/g) and 4-strain Sa/monella (10° CFU/g) cocktail, respectively. Both inoculated and un-inoculated samples were surface applied with 44, 100, and 200
ppm of LAE. Bacon and tenderloin samples were packaged under 100% Nitrogen and vacuum, respectively, and stored at 40°F (4.4°C). Inoculated samples
were analyzed over a 30-day period by direct plating on MOX and XLD to enumerate L. monocytogenes and Salmonella, respectively, and un-inoculated
samples were analyzed for total aerobic counts.

Results: At 4°C, L. monocytogenes growth was not observed on cooked bacon with or without LAE by 30 days. The detection limit was 40 CFU/g. L.
monocytogenes populations in bacon samples with 44 and 100 ppm LAE were reduced by 0.25 log CFU/g. However, there were no significant differences in
populations between samples with 44 and 100 ppm LAE (P>0.05). After 3 days at 4°C, one-logreduction in Sa/monella and 0.25 log reduction in total aerobic
bacteria was observed on pork tenderloins with 200 ppm LAE.

Significance: LAE is a potential Sa/monella intervention on fresh pork cuts. However, it is not very effective in reducing L. monocytogenes on cooked
bacon. Findings suggest cooked bacon doesn't support L. monocytogenes growth at 4°C.

T11-11 Can HPP be Used to Manufacture Safe Hams with Reduced Preservatives?

Chaoyue Wang', Philip Strange?, Shai Barbut' and Sampathkumar Balamurugan?
"University of Guelph, Guelph, ON, Canada, *Agriculture and Agri-Food Canada, Guelph, ON, Canada

0:0 Developing Scientist Entrant

Introduction: Reduction or replacement of preservatives is a major challenge for the safety and shelf-life of meat products. Although HPP has shown
promise in enhancing the safety of preservative-reduced meat products, the recovery of HPP-induced sub-lethally injured cells during storage is still a
major challenge.

Purpose: Evaluate the effectiveness of HPP in enhancing the safety of ham formulations with reduced level buffered vinegar and sodium diacetate.

Methods: Ham formulations inoculated with Listeria monocytogenes or Salmonella Enteritidis at approximately 6 log CFU/g containing different levels
of buffered vinegar (0, 1.1% and 2.2% w/w) or sodium diacetate (0, 0.65% and 1.3% w/w), were subjected to pressures of 0, 400 and 600 MPa for 3 min
and then stored at 4 and 7°C for up to 28 days. Samples were analyzed for L. monocytogenes, and S. Enteritidis counts at predetermined time intervals by
plating on selective media. One-way ANOVA test was used for statistical analysis and Tukey's test was performed to significant differences in log-reductions
between formulations, HPP treatments, storage temperatures and time.

Results: Reduction in preservative levels significantly increased L. monocytogenes, and S. Enteritids counts after 14 and 28 days of storage at 4 and 7 °C,
respectively in all non-pressurized samples. The efficacy of HPP at 400 MPa to reduce L. monocytogenes and S. Enteritids was unaffected by preservative
levels during storage at 4°C. HPP at 400 MPa significantly improved the effect of preservatives on Listeria at day 28 of storage at 7°C. HPP at 600 MPa for
3 min reduced L. monocytogenes and S. Enteritids to below detectable levels in all ham formulations stored at 4°C. However, hams without preservatives
showed detectable L. monocytogenes counts at day 28 stored at 7°C

Significance: HPP at 600 MPa for 3 min can be successfully used to enhance the safety of preservative-reduced hams.

T11-12 Impact of Operational Parameters on Pathogen Lethality for Dry Fermented Sausages

Jun Haeng Nam, Teresa M. Bergholz and Michael Schutz
Michigan State University, East Lansing, MI

o%* Developing Scientist Entrant

Introduction: Limited data is available regarding pathogen reduction during the manufacture of fermented and dried ready-to-eat (RTE) sausages,
particularly for the influence of diameter on drying time and inactivation.

Purpose: This study aimed to determine the optimal number of drying days to accomplish the required pathogen reduction for a range of product
diameters.

Methods: Salami, representing a fermented and dried RTE sausage, was used for the study. The sausage batter was formulated using a modified recipe
from Michigan State University Meat lab with CHR. Hansen starter culture, SafePro® B-LC-007. Batter was inoculated with five-strain cocktails of Escherichia
coli 0157:H7, Listeria monocytogenes, and Salmonella enterica at a concentration of 3x107 CFU/g sausage. Then, the inoculated batter was stuffed into differ-
ent size casings. Inoculated sausages were fermented to pH 4.8 + 0.1 and dried for 30 to 60 days. Pathogens from the sausages were enumerated and pH
& Aw were measured during drying. Small sausages (18 and 30 mm) and large sausages (60, 90, and 110 mm) were sampled every third day over 30 days
and every sixth day over 60 days, respectively. Two independent trials were conducted with two replicates per trial.

Results: An inverse correlation between sausage size and the pathogen log reduction was observed, larger diameter sausages resulted in lower patho-
gen reduction. For the smaller sausages (based on Trials 1 & 2), 21 + 3 days and 24 + 3 days of drying for the 18mm and 30mm sausages, respectively,
were required to achieve a five-log reduction of all the pathogens. For the large sausages (based on Trial 1), 48 days of drying were required.

Significance: This study contributes to ensuring food safety by advising fermented sausage producers on the optimal number of drying days to accom-
plish the required pathogen reduction for different sausage diameters.

T12-01 Moving Data Forward: Disseminating Real-Time Foodborne and Waterborne Data with the
Bacteria, Enteric, Amoeba, and Mycotics (BEAM) Dashboard

Lyndsay Bottichio', Megha Ganewatta', Heather Carleton? Molly Leeper’, Beth Tolar?, Kelley Hise' and Hilary Whitham®
'CDC, Atlanta, GA, Centers for Disease Control and Prevention, Atlanta, GA, 3US CDC, Atlanta, GA

Introduction: The System for Enteric Disease Response, Investigation, and Coordination (SEDRIC) is a customized cloud-based software integrating
multiple data sources, including PulseNet, related to enteric disease surveillance and outbreak response used by the Centers for Disease Control and
Prevention and its partners.

Purpose: To address partner needs and inform prevention efforts the Division of Foodborne, Waterborne, and Environmental Diseases (DFWED) devel-
oped the BEAM Dashboard, an interactive dashboard using data from SEDRIC.

Methods: Informal, open-ended discussions with over thirty individuals representing a range of partners including academics, regulatory partners,
industry, trade associations, retail companies, and consumer groups informed a multiphase plan for dashboard development. The dashboard uses Mic-
rosoft Power BI, an enterprise business intelligence tool, to address the challenge of developing an easy-to-use and easy-to-create dashboard. We used
a custom Open Database Connectivity (ODBC) driver to pull data from the SEDRIC database to Power BI. Interactive bar, line, doughnut charts, and maps
were generated using the Power Bl inbuilt visualization tools. Slicers were added to let the end-users filter data by years and geographical regions.
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Results: Partner needs fell into six categories: data linkages with automated analytics, data downloads, user training, customized programmable alerts,
direct application programming interfaces (API) with industry to inform prevention efforts, and future linkages with any available regulatory data to sup-
port farm-to-fork analyses. The initial version of the dashboard provides real-time aggregated Salmonella, Shigella, and Shiga toxin-producing Escherichia
coli serotype-specific information. It was published in May 2022 and received 1750+ views within a month. The dashboard lets the users interact using
point and click actions to filter variables and visualize complex data from different perspectives.

Significance: The BEAM Dashboard improves data accessibility and utility. Additional benefits of this endeavor include expanding and normalizing par-
ticipation in data sharing and use of DFWED prevention analytic services.

T12-02 Efficacy of Preharvest Water Treatments for Reduction of Foodborne Pathogens in Surface Water

Aadeya Arora, Martha Sanchez-Tamayo and Faith Critzer
University of Georgia, Athens, GA

0:0 Developing Scientist Entrant

Introduction: Contaminated pre-harvest irrigation water can be a major transmission route for foodborne pathogens in fresh produce production. For
these reasons, treatment of preharvest agricultural water has drawn attention as a risk management strategy, but data are lacking regarding efficacy of
sanitizer treatments using water quality representative of that typically used for production.

Purpose: To evaluate the efficacy of commercially available sanitizer treatments at different concentrations under various parameters to reduce food-
borne bacteria in preharvest agricultural water.

Methods: Surface water collected from two sources in Georgia was inoculated with a rifampicin-resistant cocktail of seven serovars of STEC or Sa/monel-
la enterica ¢9 to 10 log CFU/ml). The water was equilibrated at 12°C and 32°C and then treated with free chlorine (at 4 ppm and 10 ppm) derived from cal-
cium hypochlorite tablets or peroxyacetic acid (PAA) (at 6 ppm and 10 ppm) at a contact time of 5 and 10 minutes. The sanitizer was then neutralized with
sodium metabisulfite. Inoculated water without any sanitizer added was used as a control treatment. Thirty-two treatments with two biological replicates
and three samples per replicate were evaluated (n=192).

Results: All the treatment combinations resulted in > 4.73 log CFU/ml reduction in both water sources (limit of detection 0.9 log CFU/ml). Lower concen-
trations of free chlorine and PAA at 12°C resulted in the lowest log reduction (P<0.05) for both pathogens. At higher sanitizer concentrations, the tempera-
ture had no significant influence (P>0.05) on bacterial log reduction. Free chlorine at 10 ppm for 5 minutes at 32°C caused the highest log reduction for
STEC (6.34 log CFU/ml), while PAA at 10 ppm for 10 minutes at 32°C caused the highest reduction for S. enterica (6.27 log CFU/ml).

Significance: This study highlights the effectiveness of commercial sanitizers under different temperature and contact time conditions for bacterial
reduction in pre-harvest irrigation water.

T12-03 Long-Term Surveillance Shows a High Prevalence and Diversity of Salmonella spp. in Surface

Waters Used for Food Production in Brazil, Chile, and Mexico

Magaly Toro', Enrique Delgado-Suarez?, Angelica Reyes-Jara®, Andrea Switt*, Aiko Adell>, Raquel Bonelli®, Celso Oliveira’, Zhao Chen',
Xinyang Huang', Sebastian Gutiérrez®, Anamaria M.P. dos Santos®, Brett Albee®, Eric Brown'", Marc Allard'?, Sandra Tallent™,
Christopher Grim'°, Rebecca L. Bell'' and Jianghong Meng'
YJoint Institute for Food Safety and Applied Nutrition (JIFSAN), University of Maryland, College Park, MD, 2Faculty of Veterinary Medicine, National
Autonomous University of Mexico, Mexico City, DF, Mexico, 3INTA, University of Chile, Santiago, Chile, “Pontificia Universidad Catdlica de Chile, Santiago,
Chile, 5School of Veterinary Medicine, Faculty of Life Sciences, Universidad Andres Bello, Santiago, Chile, Universidade Federal do Rio de janeiro, Rio de
Janeiro, Brazil, "Universidade Federal da Paraiba, Areia, Brazil, 8Institute of Nutrition and Food Technology (INTA), University of Chile, Santiago, Chile,
Federal Fluminense University, Rio de Janeiro, Brazil, °U.S. Food and Drug Administration - Center for Food Safety and Applied Nutrition, College Park, MD,
"U.S. Food and Drug Administration, Center for Food Safety & Applied Nutrition, College Park, MD, ?Center for Food Safety and Applied Nutrition, Food and
Drug Administration, College Park, MD
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Introduction: Surface water is a primary source of irrigation for crops and a potential vehicle for Sa/monella contamination.

Purpose: To describe the prevalence and diversity of Salmonella in surface waters from Brazil, Chile, and Mexico.

Methods: Surface waters were obtained from Chile (n=2039), Mexico (n=689), and Brazil (n=539) from 2019-2022. Samples were in-situ filtered (10L)
through modified Moore Swabs and processed according to modified Salmonella FDA/BAM procedures. Genomes (1 to 10 isolates per positive sample)
were sequenced at CFSAN/FDA on lllumina platforms. Genomes were analyzed for MLST/sequence type (ST) and cgMLST in Ridom Seqgsphere+, and sero-
types were predicted with SISTR and SeqSero. Phylogenetic relationships were visualized in a minimum-spanning tree on Ridom.

Results: Salmonella was present in 45.8% of samples (1495/3267). Brazil showed the highest prevalence (70.9%), followed by Mexico (63.4%) and Chile
(33.2%). Genomes (n=1541) were selected from Mexico (n=686), Chile (n=592), and Brazil (n=263) for analysis; 156 STs were identified, and ST 32 (7.2%), 13
(5.2%), and 19 (5.2%) were the most common. Multiple serotypes (104) were identified, and 18 were common for all countries. Among them, Newport was
the most frequent (15.5%;162/1541), followed by Typhimurium (7.85%; 120/1541) and Infantis (7.4%; 114/1541). Meanwhile, most Enteritidis were from
Chile (95.6%; 43/45). Mexico showed the highest serotype variability (n=61), followed by Chile (n=53) and Brazil (n=49). About 60.6% (63/104) of serotypes
were found in a single country; however, they only represented 20.4% of genomes (315/1541). cgMLST included 1251 genes, and genomes were grouped
in 231 clusters. While most clusters (97.4%) comprised genomes of the same serotype and country, mixed-country clusters were detected for Enteritidis,
Typhimurium, Agona, Soerenga, Corvallis, and Infantis.

Significance: Surface waters are important reservoirs of epidemiologically and clinically significant Sa/monella serotypes in Latin America. Research is
required to better understand Salmonella ecology and epidemiology in surface waters.

T12-04 Identifying Risk Zones of Irrigation Water Contamination in Central Chile: A Collaborative Work
between Agricultural Producers and Academia

Aiko Adell', Fernando Duefias’, Natalia Pino', Kathia Castro’, Carlos Alejandro Zelaya?, Isabel Huentemilla', Tamara Gonzalez?, Carla
Barria“4, Roberto Cabrera’, Maria Angelica Fellenberg®, Macarena Fernandez®, Maria Consuelo Arias® and Carla Vera®
School of Veterinary Medicine, Faculty of Life Sciences, Universidad Andres Bello, Santiago, Chile, *Faculty of Life Sciences, Universidad Andres Bello,
Santiago, Chile, *Escuela de Ingenieria en Biotecnologia, Facultad de Ciencias de la Vida, Universidad Andrés Bello, Santiago, Chile, “Universidad Andres
Bello, Santiago, Chile, *Departamento de Ciencias Animales, Facultad de Agronomia, Pontificia Universidad Catélica de Chile, Santiago, Chile, ®instituto de
Nutricién y tecnologia de los alimentos, INTA, Universidad de Chile, Santiago, Chile

Introduction: Since 2018, we have been working with agricultural producers to learn about their food safety problems. Farmers from different areas
share the same opinion that water pollution with fecal material and pathogens is their most important concern.

Purpose: A total of 240 water samples were collected in 45 sampling sites located in the VI region of Chile to determine the biological quality of irrigation
water used by agricultural producers. Samples were collected monthly for five months during the 2019-2020 and 2022-2023 irrigation periods (October to
March)

Methods: Sampling sites were selected using a risk mapping methodology in which producers pinpointed sources of water contamination. Sample sites
corresponded to irrigation canals, streams, and basins. Salmonella isolation was carried out using the modified BAM methodology and confirmed PCR us-
ing the invA gene. Fecal coliforms and E. coli (FIB) counts were determined using mFC agar and Chromocult® agar media, respectively, and were compared
with the Chilean and US EPA surface water quality standards.
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Results: Salmonella was detected in 45% (75/165) of the water samples collected, while 62% (103/165) and 99% (163/165) of the water samples did
not comply with the Chilean water quality standards (<1,000 Fecal coliforms/100ml) and the US EPA standards (<126 E. coli/100 ml), respectively. Water
contamination was more frequently detected in sites located closer to the farms of the producers.

Significance: Salmonella and high levels of fecal contamination was found in irrigation water used by agricultural producers, demonstrating that their
concerns were legitimate. Our results highlight the need to work with producers to learn about their problems and develop mitigation and control strate-
gies accordingly to their needs.

T12-05 The Formation of Salmonella spp. Biofilms in Drip Tape Commonly Used for Irrigation of Produce

Rawane Raad’, Faith Critzer’, Colton Ivers? and Valentina Trinetta3
"University of Georgia, Athens, GA, 2Kansas State University, Food Science Institute, Manhattan, KS, *Kansas State University, Manhattan, KS

0:0 Developing Scientist Entrant

Introduction: Biofilms are known to form inside drip tape irrigation lines to the point of complete blockage from the emitter holes. However, there is
inadequate understanding of how foodborne pathogens may survive and what role biofilm formation may play in these conditions.

Purpose: In this study, we evaluated the formation of Salmonella spp. biofilms within an irrigation drip tubing commonly used during produce harvest-
ing.
Methods: Drip-line tubes (without emitters) commonly used for irrigation (1.27 cm internal diameter) were aseptically cut into 60 cm lengths (n=24).
Each tube was filled with 100 ml surface water inoculated with 6 log CFU/mI population of a four-serotype cocktail Rifampicin resistant Salmonella (Mon-
tevideo, Poona, Newport and Enteritidis). Water-filled tubes were incubated at temperatures commonly found in the field 21.1°C for 9 days. Salmonella
population in the water and attached to the tubing was determined on days 0, 3, 6, and 9. Attached bacteria were dislocated from the tubing by sonica-
tion: 2 min at a 70W ultrasonic power. Parts of a tube sample were analyzed with confocal imaging using a combination of SYTO9 and SYTOX red staining
solution.

Results: Salmonella population decreased progressively by 1 log CFU/ml from the day of inoculation until day 9 in the water samples. Cross-contami-
nation from the water to the drip tubing was observed. Salmonella population on the tubing increased by 3 log CFU/ml from day 0 to day 3 (P<0.05) and
remained constant (~ 7 log CFU/ml) until day 9. Confocal imaging confirmed the presence of extracellular DNA.

Significance: This work has established that Sa/monella can both attach and grow under these static conditions. Future research will evaluate behavior
with lower initial populations of Sa/monella and dynamic temperature and water quality parameters to assess what role biofilms may play as a route of
preharvest water contamination.

T12-06 Evaluating Harvested Rainwater Quality for Produce Irrigation

Rachel Goldstein’, Emily Healey', Ibiyinka Amokeodo', Emily Speierman’, Esha Saxena’, Cameron Smith’, Taeilorae Levell-Young', Jack
Keane', Marcus Williams?, Andrew Lazur® and Kelsey Brooks*
"University of Maryland College Park, College Park, MD, 2University of Maryland Extension, Baltimore, MD, 3University of Maryland Extension, Upper
Marlboro, MD, *National Wildlife Federation, Philadelphia, PA

Introduction: Rainwater harvesting could provide an additional water source for farmers, especially in urban agriculture, yet there is currently low adop-
tion in part because of water quality concerns. Additionally, studies on the microbial quality of harvested rainwater are limited and contradictory.

Purpose: The Baltimore City Urban Agriculture Irrigation Water Quality Project, part of the RRIPER (Rooftop Runoff Irrigating Produce Eaten Raw) pro-
gram, sought to compare harvested rainwater quality with municipal water, the most used urban agriculture irrigation water source, and determine the
impact of site characteristics and treatments.

Methods: Between 2021-2022 we collected water samples from 16 Baltimore City farms and gardens (10 using harvested rainwater, 5 using municipal
water, and 1 using both) from a total of 23 water sources (16 harvested rainwater, 7 municipal water). Participants were asked to complete surveys on site
characteristics, irrigation methods, and water concerns. Water samples (n=52) were tested for generic E. coli using standard membrane filtration.

Results: The average E. coli concentration for all municipal water samples (0.0008 CFU/100mL) was well below the Good Agricultural Practices (GAPs)
irrigation water guideline of 126 CFU/100ml. The average E. coli concentration for all harvested water samples (47 CFU/100ml) was also below the GAPs
guideline, yet five harvested rainwater samples (10%) from two sites exceeded the guideline. Both sites that exceeded GAPs guidelines had never tested
their water and had previously noticed issues with their systems (ex. aging roofing materials and noxious odors). 80% (4/5) of sites using harvested rainwa-
ter that completed our survey had never had their water tested, compared to 67% (4/6) of sites using municipal water.

Significance: These findings suggest that harvested rainwater could be a safe irrigation water source, yet point to the importance of water testing. As
climate change continues to impact water sources, additional research on harvested rainwater quality and treatment is necessary.

T12-07 Food Safety Attitudes and Practices in a Traditional Food Market in Hawassa, Ethiopia

Ariel Garsow', Smret Hagos? Anthony Wenndt', Genet Gebremedhin?, Bisaku Chacha3, Eric Djimeu? Carrel Fokou®, Haley Swartz',
Abigal Reich’, Caroline Smith DeWaal', Richard Pluke' and Elisabetta Lambertini’
'Global Alliance for Improved Nutrition (GAIN), Washington, DC, 2Global Alliance for Improved Nutrition (GAIN), Addis Ababa, Ethiopia, 3IPSOS, Dar es
Salaam, Tanzania, United Republic of, *Results for Development (R4D) Institute, Washington, DC, °Research in applied microeconomics /Recherche en
Microéconomie Appliquée (REMA), Yaoundé, Cameroon

Introduction: Every day, millions of people around the world purchase food from traditional markets in low- and middle-income countries; although the
knowledge, attitudes, and practices (KAP) of vendors and consumers related to food safety and drivers of food purchasing are not well studied.

Purpose: The purpose of this study was to evaluate food safety decision-making of consumers and vendors in traditional markets.

Methods: In July thru August 2022, a cross-sectional survey of food safety knowledge, attitudes, and practices (KAP) of 150 consumers and 150 vendors
was conducted in a market in Hawassa, Ethiopia as part of USAID's EatSafe program. Descriptive statistics were used to synthesize participant demograph-
ics and KAP. Variables related to household assets were used to compute the Poverty Probability Index to characterize socioeconomic status.

Results: Most fresh vegetable vendors (87%) were women, while both men and women shopped at the market. Women were primarily responsible for
deciding what food to buy, purchasing and preparing food for the household. The likelihood to live below the international poverty line of $3.20 USD/day
was 26% for vendors and 19% for consumers. Consumers and vendors had similar reasons to choose who to purchase food from, including price, food
quality, vendor personality, and food safety. Consumers used visual and sensory cues to assess food safety and did not commonly discuss food safety
with vendors. Vendors were generally not concerned about foodborne disease (73%) but expressed interest in learning about food safety, including how
consumption of unsafe food can lead to foodborne illness.

Significance: In traditional markets, consumers and vendors make important decisions that can impact the safety of the food they purchase and sell.
Findings from this study can help determine the most effective food safety interventions to influence motivation and ability of consumers and vendors to
select safer food at the market and enact food safety practices.

72 IAFP Annual Meeting Abstracts



T12-08 -T12-11

T12-08 Salmonella enterica Transfer from Cucumbers to Vinyl Gloves to Tomatoes during Handling

Ruthchelly Tavares', Alyson José dos Santos Franco’, Fernando Azevedo de Lucena', Maria Mayara de Souza Grilo', Geany Targino de
Souza Pedrosa', Donald W. Schaffner? and Marciane Magnani?
"Federal University of Paraiba, Jodo Pessoa, Brazil, 2Rutgers, The State University of New Jersey, New Brunswick, Nj, 3Federal University of Paraiba, Jodo
Pessoa, Paraiba, Brazil

Introduction: Vinyl gloves are classically used for general cleaning, aesthetic non-invasive procedures among other protocols. The SARS-CoV-2 pandemic
saw increased use of gloves while shopping, including for selection of fresh fruits during shopping. Published data on S. enterica transfer from fruit to glove
or from glove to fruit are scarce but are needed to inform risk management decisions.

Purpose: This research quantifies the transfer of S. enterica from cucumber to vinyl gloves and then to tomato, as well as Sa/monella survival on used
gloves at 25°C.

Methods: A S. enterica cocktail (S. Agona, S. Montevideo, S. Michigan, S. Newport and S. Typhimurium) was inoculated (7.5 log CFU/ml) on the surface of
sanitized cucumbers and dried for 1 h. A gloved forefinger (~ 4 cm? surface area) was kept in contact with the inoculated area without pressure for 2, 5, 10
or 30 seconds. The same forefinger was then kept in contact with a tomato surface for 2, 5, 10 and 30 seconds. The vinyl gloves contaminated by 30 s of
contact with cucumbers were held at 25 °C for up to 9 days. S. enterica was enumerated after each contact event and on contaminated gloves over 9 days
at 25 °C on Tryptic Soy Agar (TSA) plates incubated at 37°C for 18 h.

Results: Contact time influenced the transfer of S. enterica to gloves and fruits. About 4.9 log CFU/sample (65.6%) of S. enterica were transferred from cu-
cumbers to gloves after 30 s contact. Subsequently 2.7 log CFU/g (55.3%) were transferred from gloves to tomatoes after 30s of contact. S. enterica counts
on used gloves were 1.7 log CFU/glove after 9 days at 25°C.

Significance: These findings help understand the risks of cross-contamination when gloves are used to handle fresh produce.

T12-09 Challenges and Opportunities Associated with Using Hospitality Operators’ Food Safety Data to
Complement Official Food Safety Controls

Mark Flanagan', Jan Mei Soon-Sinclair? and Carol Wallace?
'Shield Safety, Manchester, United Kingdom, 2University of Central Lancashire, Preston, United Kingdom, 3University of Central Lancashire, Preston,
Lancashire, United Kingdom

Introduction: The delivery model for official food controls in the UK food service sector is not fit for purpose. Private sector voluntary Third-Party
Assurance (VTPA) schemes such as the Red Tractor® Scheme, have shown that they can be a successful part of the delivery model for official food controls.
However, in the food service sector, VTPA schemes are not part of the regulatory framework.

Purpose: Reduce the frequency of LA inspections.

Methods: As part of the Food Standards Agency’s (FSA) Regulating Our Future program, an initial study using focus groups and semi-structured inter-
views with three Local Authorities (LAs) and one multi-location Food Business Operator (FBO) aimed to assess whether FBOs' food safety data captured in
software (RiskProof®) could be shared with LAs to complement official food safety controls.

Results: A retrospective review indicated that LAs were overwhelmed by the amount of data, struggled to interpret it and preferred to be presented
with data in a familiar format i.e., an inspection report. A further study, using semi-structured interviews and a working group with Food Standards Scot-
land (FSS) and LAs, developed new knowledge of what LAs required in a third-party audit report.

Significance: Both studies aimed to reduce the frequency of LA inspections of FBO in the food service sector and reflexive interpretation led to the view
that the FSA, FSS, and LAs would be better served by a food service sector vVTPA scheme, which has been developed. Using semi-structured interviews,
current research aims to identify critical success factors and downsides of the food service VTPA scheme Safe to Trade® from the lens of the regulator,
FBO and consumer stakeholder groups. This presentation will discuss the challenges and opportunities associated with using FBOs’ food safety data based
on the studies and current research programme.

T12-10 Assessing the Relationship between Certified Food Protection Managers’ Certification
Characteristics and Food Inspection Outcomes in Ohio

Michala Krakowski', Allison Howell?, Alexander Evans?, Karin Kasper?, J. Michael Hils?, Sarah Jensen?, Sarah Muntzing?, Janet Buffer?,
Nicole Arnold? and Barbara Kowalcyk*
"College of Public Health, Division of Epidemiology, The Ohio State University, Columbus, OH, 2The Ohio State University, Columbus, OH, 3Franklin County
Public Health, Columbus, OH, “The Ohio State University, Center for Foodborne lliness Research and Prevention, Translational Data Analytics Institute,
Columbus, OH

Introduction: All Ohio retail food establishments and food service operations that prepare and serve time/temperature controlled for safety (TCS) foods
must employ at least one Certified Food Protection Manager (CFPM); there are multiple providers, and formats (e.g., online, in-person) from which individ-
uals can choose to earn certification.

Purpose: To describe how CFPM certification characteristics impact overall inspection results.

Methods: All Risk Level Il and IV food establishments regulated by Franklin County Public Health (FCPH) were recruited in September 2021. Data on
CFPM training and certification were obtained for each establishment using a supplemental data collection form (Qualtrics) during a standard inspection.
Health inspection data from FCPH was matched to Qualtrics data by Facility ID and date. Logistic regression methods were used to identify if CFPM charac-
teristics (e.g., training format, training provider, etc.) were associated with a failed health inspection.

Results: Supplemental data were collected from 1,852 of the 2,040 establishments that were licensed during the study period. The majority (54.56%) of
establishments employed one CFPM at the time of the inspection with 25.11% employing none and 20.73% employing more than one. In establishments
with only one CFPM employed, most CFPMs received in-person training (63.77%) with a smaller proportion receiving online training (36.13%). Among the
1,001 establishments with only one CFPM employed, 314 (31.34%) establishments had more than seven uncorrected violations, which is considered a
health inspection failure. Among establishments with only one CFPM employed, establishments with an online-trained CFPM were 1.59 (95% Cl: 1.21, 2.09)
times more likely to have a failed health inspection than those with an in-person trained CFPM.

Significance: Initial results suggest that in-person CFPM training may improve compliance with the State of Ohio Uniform Food Code. The improvement
of CFPM training can result in fewer failed health inspections, which leads to improving retail food safety which is important for public health.

©
S
c
<
O
()
—

T12-11 The Use of the Design Thinking Method in the Food Safety Culture Evolvement Process

Ingrid Miguez', Lais Zanin?, Carolina Prates' and Elke Stedefeldt
"Federal University of SGo Paulo, SGo Paulo, Brazil, >University of SGo Paulo, Ribeirdo Preto, Brazil

Introduction: Design thinking (DT) is a method based on understanding problems with a focus on immersion and identifying the real needs of the
group, which could be used to plan interventions based on the Food Safety (FS) culture diagnoses.

Purpose: To analyze the effectiveness of using the DT for the FS-culture evolvement.

Methods: The implementation of the DT follows 5 stages: 1) empathize, in which we assessed the FS-culture using a mixed-method approach already
validated for food services (questionnaires, checklist, and participant observation) to evaluate the FS-culture elements (knowledge, commitment, work
environment, leadership, risk perception, communication, work pressure, and normative beliefs, and management systems, styles, and process); 2) define,
the characterization of the FS-culture based on the triangulated data and interpretation grid as reactive, active or proactive; 3) ideate, the brainstorming

IAFP Annual Meeting Abstracts 73



—
D
(@]
>0
=
0
=

T12-12-T13-02

process was carried out for the generation of ideas for solutions to the FS-culture transformation; 4) prototype, based on the ideas built in stage three;
5) test, the prototype was implemented. After the DT implementation, FS-culture was assessed again. The case study was conducted in two food services
(1) 500 meals/day, 39 food handlers, 5 managers; 2) 350 meals/day, 26 food handlers, 4 managers in Brazil. The Brazilian Ethics Committee approved the
project under the number 4.845.608.

Results: The prototype in the two food services constituted a video motivating the improvements in the reactive elements. The prevailing FS-culture
was characterized as active-to-proactive (2-3) in all the assessments, showing that the DT did not change the prevailing FS-culture (2-3). However, the DT
changed proactively (active-to-proactive; 2-3) some FS-culture elements, as knowledge, commitment, and management system, styles, and processes.

Significance: The prototype creation positively impacted the FS-culture elements, however, it did not evolve FS-culture. The process of the DT should be
explored as a way to engage food handlers in the food safety culture.

T12-12 Employees Burnout and Food Safety Behaviors in the Restaurant Industry

Jihee Choi and Kalynn Ng
Queens College, CUNY, Flushing, NY

Introduction: Employee burnout is known as mental and physical exhaustion prompted by ongoing stress that can lead to a lack of motivation to work.
While employee burnout can lead to job dissatisfaction and demotivation in general, the question whether burnout amongst restaurant employees is
associated with food safety behaviors in the context of restaurant remains unanswered.

Purpose: The objective of this study is to measure the level of burnout of restaurant employees and affective job commitment and determine the rela-
tionship between these factors and employees’ food safety behaviors.

Methods: A total of 143 respondents who are currently working in the restaurants in the U.S as non-managerial employees participated in the survey
through M-Turk (58% male and 42% female). Descriptive statistics and multiple linear regression were used for data analysis to test the relationships
between employees’ burnout, affective job commitment as independent variables and food safety behavioral intention (dependent variable).

Results: The assumptions for the regression analysis were tested including normality, constant variance, linearity, and outliers and the results met the
requirements, and no assumptions were violated. The resulting model was statistically significant (F=55.302, P<.001), with adjusted explanator power of
r2 =0.538. The variables related to employee’s food safety behaviors were employee’s burnout (8=-.420 for personal burnout, f=-.315 for work related
burnout, P<.001) and affective job commitment (8 = 0.584, P<.001).

Significance: The results will be valuable to develop strategies to mitigate employees’ burnout and increase affective job commitments to improve food
safety behaviors in the restaurant industry.

T13-01 Effects of Dietary Yeast Cell Wall Supplementation on Pathogen Colonization, Performance, and
Slaughter Characteristics of Broiler Chickens Inoculated with Campylobacter jejuni at Day 16

Luis R. Munoz, Matthew Bailey, James T. Krehling, Kaicie S. Chasteen, Cesar Escobar, Leticia A. Orellana-Galindo, Yagya Adhikari and
Kenneth Macklin
Auburn University, Auburn, AL

0:0 Developing Scientist Entrant

Introduction: Campylobacter jejuni is an important foodborne pathogen, and chickens are recognized as a common reservoir.

Purpose: To evaluate the effects of dietary yeast cell wall (YCW) in their ability to reduce C. jejuni intestinal colonization and to affect performance, car-
cass yield, and carcass contamination after processing.

Methods: A total of 2,240-day-old Ross 708 males were randomly distributed in 64 pens with eight replicate pens/treatment and 35 birds/pen. Each pen
was assigned to one of four dietary treatments: negative control, positive control (bacitracin, 50 g/ton), YCW constant dose (400 g/ton), and YCW step-down
dose (800/400/200 g/ton in the starter/grower/finisher periods, respectively) and to one of two inoculations: PBS or CJ at 10* CFU/m| administered via oral
gavage on day 16. Twenty-four broilers per treatment were collected on days 24, 34, and 42 for C. jejuni enumeration and prevalence calculation and 80
birds per treatment were processed to determine carcass yield (64 broilers) and to collect carcass rinses (16 per treatment).

Results: All birds inoculated with C. jejuni had similar CFU/ml in the cecal contents at days 24, 34 and 42 (P>0.05). At day 24, although non-significant, a
two-log reduction in colonization of C. jejuni was observed when broilers were fed with higher doses of YCW in the diet. All birds inoculated with PBS were
negative for C. jejuni after prevalence testing. The diet or type of inoculation did not influence broiler weight, feed intake, or feed conversion ratio (P>0.05).
After processing: 1) carcass yield was similar in all treatments (P>0.05), 2) CJ inoculated birds with an unsupplemented diet had lower CFU/ml counts than
treatments supplemented with a positive control diet and YCW constant dose diet (P<0.05), and 3) all birds inoculated with PBS were negative for C. jejuni.

Significance: Dietary YCW can potentially reduce C. jejuni colonization after inoculation when provided in higher doses in the diet.

T13-02 Effect of Salmonella Enteritidis and Salmonella Kentucky Co-Challenge on Salmonella Colonization
of the Broiler Gl Tract

Matthew Bailey’, James T. Krehling', Luis R. Munoz', Kaicie S. Chasteen?, Aidan Talorico' and Kenneth Macklin’
"Auburn University, Auburn, AL, 2USDA-ARS Southeastern Fruit and Tree Nut Research Unit, Byron, GA

Introduction: The prevalence of Salmonella in all steps of poultry production remains a challenge to the industry, and this pathogen causes numerous
illnesses each year. One of the top serotypes associated with foodborne illness is Salmonella Enteritidis. Another serotype associated with poultry produc-
tion is Salmonella Kentucky, although this serotype causes fewer diseases in humans.

Purpose: The purpose of this study was to examine if one serovar of Sa/monella spp. could exclude another in the gastrointestinal tracts of broilers.

Methods: There were four challenge treatments: one consisting of challenge with Enteritidis one day after placement, another with Kentucky challenge
after placement, a treatment with Enteritidis challenge after placement followed by Kentucky challenge, and a fourth group with Kentucky challenge
followed by Enteritidis. Five birds per pen were randomly selected for necropsy weekly, and cecal content was collected to enumerate for Salmonella. A
nalidixic acid resistant marker strain of Enteritidis was used, and all samples were plated on typical XLT4 and XLT4 supplemented with nalidixic acid to
differentiate between the two serotypes.

Results: A difference in nalidixic acid sensitive counts was observed between challenge treatments, with the Kentucky-only challenge group having
higher counts than the Enteritidis/Kentucky group (P<0.026). A difference in nalidixic acid resistant counts was also observed, with the Enteritidis-only chal-
lenge group having higher counts than the Kentucky/Enteritidis group (P<0.04). Additionally, the Kentucky-only challenge group showed higher prevalence
of nalidixic acid sensitive counts compared to the Enteritidis/Kentucky group and the Kentucky/Enteritidis group (P<0.015). Finally, nalidixic acid resistant
counts were higher in the Enteritidis-only challenge group compared to the Kentucky/Enteritidis group (P<0.03).

Significance: These results suggest that one serovar of Salmonella spp. can partially exclude the colonization of another subsequently introduced sero-
var and supports the possibility of developing a Sa/monella surrogate to exclude Sa/monella spp. from the gastrointestinal tract of broilers.
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T13-03 Biomapping of a Commercial Broiler Hatchery and What It Tells Us about Sa/monella Prevalence
and Diversity

Michael Rothrock’, Ade Oladeinde’, Nikki Shariat?, Osman Yasir Koyun® and Jean Guard*
TUSDA-ARS US National Poultry Research Center, Athens, GA, 2University of Georgia, Department of Population Health, Athens, GA, 3University of Georgia,
Athens, GA, *USDA-ARS, Athens, GA

Introduction: Salmonella is an important zoonotic bacterial pathogen within the broiler production chain that impacts human health; therefore, man-
agement factors within the production chain that impact Salmonella ecology must be determined.

Purpose: Bio-mapping commercial broiler hatcheries with a specific focus on Salmonella prevalence and diversity based on sample type and facility area
will help identify potential control points for Salmonella control in flocks before reaching production farms.

Methods: We followed broiler eggs from two breeder flocks within a hatchery facility on two production days, and sampled five hatchery areas (egg in-
ventory, pre-inovo set, post-inovo set, hatching, and transport) and from each area collected egg-related, air filter, water drain, and bait box samples (n=184
samples). Salmonella isolation was performed using the traditional dual enrichment culture method (n=48), serotyped and Sa/monella diversity within each
sample was assessed using CRISPR SeroSeq. To assess potential microbial correlations with culturable Sa/monella, genomic DNA was extracted, and micro-
biome analysis was performed using the Earth Microbiome Project protocol (lllumina MiSeq sequencing followed by QIIME 2.0 sequence analysis).

Results: Overall Salmonella prevalence was ~26% (48/184), with the highest prevalence observed in the hatch and transport areas (50% for both), as well
as in water drain samples (56%). Salmonella serotypes were dominated by Kentucky, Gaminara, and Alachua (n=17, 12, 11, respectively). Data identified
transport truck floor drains as a potential reservoir for Salmonella serotypes of specific concern to human health (Enteritidis, Mbandaka). Additionally,
microbiome analyses revealed Salmonella-related taxa were significantly enriched in the feces from the chick pads under the newly hatched chicks in the
transport crates.

Significance: By identifying potential control points within hatcheries (transport truck water drains, chick pads), this data can help focus intervention
efforts to reduce Salmonella loads reaching the live production farms, thus increasing the safety of the broiler food chain.

T13-04 Efficacy of PAA and Chlorine Sanitizers to Reduce E.coli in Pre-Harvest Agricultural Water Used in
the Southwest

Zoe Scott’, Alejandro Castillo?, Veerachandra Yemmireddy? and Channah Rock’
"University of Arizona, Maricopa, AZ, *Texas A&M University, College Station, TX, 3University of Texas Rio Grande Valley, Edinburg, TX

0:0 Developing Scientist Entrant

Introduction: Recent Escherichia coli 0157:H7 foodborne outbreaks linked to leafy greens and contaminated agricultural irrigation water have elicited
auditing schemes for fresh produce that mandate the use of agricultural water treatment to minimize risk.

Purpose: The purpose of this study was to assess the efficacy of two commonly used water treatment chemicals, peracetic acid (PAA) and calcium hypo-
chlorite (chlorine) for use in preharvest production to reduce pathogens.

Methods: PAA and chlorine were evaluated at various residual rates 6 and 8 PPM, and 2 and 4 PPM, respectively, against a seven-strain cocktail of Shiga
toxin-producing E. coli (STEC), in four surface water sources collected from across the southwestern United States (Yuma, AZ, Maricopa, AZ, Uvalde, TX, and
Edinburgh, TX). Water samples were inoculated with 10° CFU/ml STEC prescribed cocktail, equilibrated at temperatures 12°C or 32°C, allotted a one-minute
contact time (CT), and enumerated in triplicate by spread plate technique. PAA was also trialed at a five-minute CT.

Results: For a one-minute CT, all chlorine treatment trials achieved more than a three-log reduction. Log reduction values (LRVs) for chlorine trials at
2PPM ranged from 3.36-5.49 for trials at 12°C and 3.24-6.04 at 32°C. Chlorine at 4 ppm resulted in LRVs of 3.54-6.15 at 12°C and 3.49-5.45 at 32°C. LRVs for
PAA trials evaluated at 12°C, for a one-minute CT, ranged from 0.0-0.31 at 6 ppm and 0.03-0.24 at 8 ppm. For 32°C, PAA LRVs were 0.16-0.56 at 6 ppm and
0.04-1.10 at 8 ppm. When the contact time for PAA treatments was increased to five minutes, LRVs from 1.5 to 5.4 were observed.

Significance: Results indicate that chlorine-based sanitizers may easily meet EPA/FDA label requirements of a three-log microbial reduction in various
types of agricultural water with only a one-minute contact time. However, results from the PAA tests indicate that a prolonged contact time is needed to
meet proposed Subpart E regulations.
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T13-05 Extreme Gradient Boosting (XGB) and Random Forest (RF) Guided Machine Learning Prediction of
Acinetobacter Density in Fresh Produce Irrigation Source Waters
Temitope Cyrus Ekundayo’, Ayobami Mary Adewoyin?, Oluwatosin Ademola ljabadeniyi' and Anthony I|. Okoh?
"Department of Biotechnology and Food Science, Durban University of Technology, Durban, South Africa, 2Department of Biological Sciences, Anchor
University, Lagos, Nigeria, 3SAMRC Water Quality Monitoring, Department of Biochemistry and Microbiology, University of Fort Hare, Alice, South Africa

Introduction: The transmission of Acinetobacter spp. (especially A. baumannii) known with high antimicrobial resistance and case fatality ratio onto fresh
produce has been demonstrated. An artificial intelligent system for Acinetobacter density (AD) determination in irrigation source waters (ISW) would be an
invaluable preventive option.

Purpose: This study aimed to predict AD in ISW for fresh produce production using XGB and RF.

Methods: AD and physicochemical variables (PVs) data from three ISW in fresh produce producing areas in South Africa monitored via standard proto-
cols in a year-long study were fitted to XGB and RF algorithms. The models’ performance was assessed using regression metrics.

Results: The essential PVs of the ISW ranged as 5.05-9.11, 23.0-279.0 mg/L, 0.02-0.27 PSU, 4.74-28.64 °C, 1.0-1244.0 mg/L, 4.00-1312.0 NTU, and
0.52-10.19 mg/L for pH, TDS, salinity, temperature, TSS, turbidity, and BOD, respectively. AD of the ISW ranged from 1.00-4.56 log CFU. While the contri-
butions of PVs differed in absolute values, AD predicted value coverage by XGB (3.1792 log CFU (min: 1.1040 - max: 4.5828)) was better than RF (3.1795 log
CFU (1.3563-4.4514) compared with the raw data. Also, XGB (mean-squared-error (MSE) = 0.0059; root-mean-squared-error (RMSE) = 0.0770; R? =0.9914)
outmatched RF (MSE = 0.0282; RMSE = 0.1679; R? = 0.9584) in predicting AD. Both models ranked temperature as first significant factor in predicting AD
based on the mean dropout RMSE loss after 1000 permutations. The partial dependence and residual diagnostics sensitivity of the models revealed their
efficient AD prognosticating accuracies in ISW.

Significance: XGB model output could be deployed in fresh produce region as smart early warning system to assist farmers in making decision about
ISW microbiological quality in minimizing contamination of produce and promote on-farm food safety management and produce sanitation.

T13-06 Soil Nutrient Levels Associated with Sa/lmonella Prevalence and Escherichia coli and Total Coliform

Concentrations on Produce Farms

Camryn Cook’, Claire M. Murphy', Daniel L. Weller?, Monica Ponder', Renee R. Boyer?, Steven Rideout*, Rory O. Maguire* and Laura K.
Strawn?
Virginia Tech, Blacksburg, VA, 2University of Rochester Medlical Center, Rochester, NY, 3Virginia Tech Department of Food Science and Technology,
Blacksburg, VA, #Virginia Tech, School of Plant and Environmental Sciences, Blacksburg, VA

0:0 Developing Scientist Entrant

Introduction: Soil can be a route of contamination of fresh produce. Growers routinely manage soil nutrient levels, and little research exists on synergis-
tic or antagonistic effects on foodborne pathogens.
Purpose: This study aimed to (i) determine Sa/monella prevalence, and generic Escherichia coli (8EC) and total coliforms (TC) concentration, and (i) inves-
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tigate macro- and micronutrient levels associated with each microbial target in soil.

Methods: Three produce farms in Virginia were selected from different regions (eastern, western, and northern VA). Farms were sampled four times
to capture seasonal distinctions. Five soil samples were collected from 20 plots (25m?) and pooled in equal quantities to form one sample per plot. A total
of 240 samples were collected. Samples (25g) were processed for Sa/monella using a modified FDA BAM method, while samples (5g) were enumerated
for geC and TC using Petrifilm. PCR was used to confirm presumptive Sa/monella-positive samples using a single gene (invA). Soil nutrients were tested for
each plot and evaluated for their association with each microbial target by Bayesian univariable logistic regression with sampling year as a fixed effect and
month and plot as random effects in RStudio.

Results: Salmonella prevalence was 4.2% (10/240) in soil samples. Of the ten Salmonella positive samples, nine samples (90%) were from one farm
in eastern VA. The average gEC and TC concentrations in soil samples were 1.23 (range 0.95-4.01) and 4.21 (range 1.23-7.12) log CFU/g, respectively.
Bayesian models yielded regional differences (specifically, farm location) was a strong indicator of Salmonella prevalence (MAP=0.01-0.07;PD=0.97-
1.00;ROPE=0.00-0.01). While majority of gEC were below the limit of detection (<1 log CFU/g), increases in soil pH impacted the likelihood of detection
(MAP=4.87;PD=1.00;ROPE=0.00).

Significance: While there appeared to be trends between soil nutrients and Salmonella, upon analyses, it was challenging to disentangle the strong
influences of region and time of year for the data.

T13-07 Detection, Survival, and Inhibition of Listeria monocytogenes Based on Carrot Cultivar and Soil
Sampling Method

Valeria Santillan Oleas’, Luvina Castillo Urquia?, Marlon Alvarado Diaz? Laura Araujo Henriquez?, Toni Patton' and Eduardo Gutierrez
Rodriguez’
Colorado State University, Fort Collins, CO, 2none, Tegucigalpa, Honduras, *none, San Salvador, El Salvador

0:0 Developing Scientist Entrant

Introduction: Carrots have been linked with 38 foodborne outbreaks. Identifying the source and route of contamination has been recognized as one
of the major hurdles in outbreak investigations. Choosing the most robust soil and crop sampling/testing method will positively contribute to pathogen
detection.

Purpose: To evaluate the inhibitory properties of 4-carrot cultivars (4CV) against Listeria monocytogenes and contrast the recovery efficiency of two differ-
ent soil sampling schemes in detection of L. monocytogenes, Salmonella) and Shiga toxin-producing Escherichia coli (STEC) in carrot fields.

Methods: Soil Sampling: The Z pattern-(ZP) and randomized sampling methods-(RSM) were evaluated within one acre of land. The area was divided
based on sampling approach and assigned randomly. Four independent sampling events, each consisting of 40 samples per method were collected over
45 days. Each 250g sample was used in the extraction process and subsequent pathogen detection following the bioMerieux GENE-UP LMO2, SLM2, and
ECO protocols. Minimum inhibitory concentrations for 4CV were used to determine whether pericarp or internal carrot tissue at 7,200 and 3,600-ppm
concentrations could inhibit L. monocytogenes inoculated at log 6 and 3 CFU/ml over a period of 24h of incubation (37°C).

Results: No significant difference in the recovery/detection of L. monocytogenes, Salmonella and STEC was determined between RSM (2.5%) and ZP
(1.8%) methods (P>0.05). The probability of finding the same organism within the field over 45-days was 1%. Sampling date impacted recovery/detection
of the selected pathogens (P>0.05). Carrot cultivars had a significant effect on inhibition/growth-rates of L. monocytogenes (P>0.05) (inhibition-rates (cv): red
91.95%, yellow 79.66% and purple 64.47%/growth-rate: orange cv 1.02+0.37). Carrot exocarp slurries inactivated 84.41% of L. monocytogenes while internal
tissue slurries only 72.96% (P>0.05). Greater inhibition of L. monocytogenes was observed in low (84.02%) vs high (73.36%) inoculum doses (P>0.05).

Significance: Both pericarp and internal carrot tissue from 3CV inhibit L. monocytogenes. No clear differences in pathogen recovery/detection were
observed between ZP and RSM.

T13-08 Bacteria Intrinsic to Medicago sativa (alfalfa) Reduce Salmonella Growth in Planta

Steven Bowden', Eleanore Hansen? and Jacob Vitt'
"University of Minnesota, St. Paul, MN, 2University of Minnesota, Saint Paul, MN

Introduction: Multiple foodborne outbreaks of Salmonella enterica have been linked to alfalfa sprouts and the bacteria actively grow under standard
food processing conditions. We investigated the role of the intrinsic bacteria in inhibiting Salmonella growth on alfalfa sprouts as a route to biocontrol of
this pathogen.

Purpose: The purpose of this study was to determine whether plant-associated bacteria can reduce Salmonella enterica colonization and infection of
alfalfa sprouts, ideally preventing them from being a source of foodborne illness.

Methods: We isolated plant associated bacteria from alfalfa seeds and sprouts by plating and streaking onto agar plates. Monoclonal isolates of the
bacteria were obtained and tested for their ability to inhibit Sa/monella Typhimurium growth in competition experiments when grown on alfalfa sprouts
over six days. Genome sequencing and annotation was used to construct draft genomes of the bacteria isolated in this study using Illlumina sequencing
platform.

Results: We observed that a cocktail of five plant-associated bacteria could reduce Salmonella growth in alfalfa sprouts from ~108 CFU/g to ~10° CFU/g,
demonstrating a protective role of plant-associated bacteria. Genome sequencing revealed that these bacteria were members of the Pseudomonas, Pan-
toea, and Priestia genus, and did not possess genes that were pathogenic to plants or animals.

Significance: This demonstrates that plant associated bacteria can be utilized to reduce pathogen levels in fresh produce which may be synergistic with
other technologies to improve the safety of sprouts and potentially other fresh produce.

T13-09 Commercial Poultry Litter Particulates as a Vehicle for Salmonella enterica Contamination in
Cucumber Fruit

Kellie Burris', Esa Puntch? Lee-Ann Jaykus?, Otto D. Simmons, Ill4, Jie Zheng®, Elizabeth Reed®, Christina M. Ferreira®, Sandra Tallent®,
Eric Brown” and Rebecca L. Bell®
'U.S. Food and Drug Administration - CFSAN, Raleigh, NC, 2U.S. FDA, Raleigh, NC, 3Department of Food, Bioprocessing and Nutrition Sciences, North Carolina
State University, Raleigh, NC, “North Carolina State University, Raleigh, NC, °U.S. Food and Drug Administration, Center for Food Safety & Applied Nutrition,
College Park, MD, °U.S. Food and Drug Administration, Center for Food Safety and Applied Nutrition, College Park, MD, ’U.S. Food and Drug Administration -
Center for Food Safety and Applied Nutrition, College Park, MD

Introduction: Recent outbreaks of Salmonella have been associated with consumption of cucumbers. Poultry-associated microorganisms from animal
operations have been shown to transfer short distances into adjacent agricultural production environments.

Purpose: To investigate the ability of Sa/monella to colonize and internalize cucumber fruit when applied to blossoms via contaminated poultry litter.

Methods: Cucumber plants (Cucumis sativus var. sativus) cultivar Marketmore76 (slicer) were grown from commercial seed and maintained in a BSL-3P
phytotron greenhouse. Salmonella Poona was incorporated into sterilized commercial poultry litter as a freeze-dried pellet or as liquid inoculum dried
overnight in a biosafety cabinet. Salmonella contamination was introduced via blossoms at ca. 5.9 log CFU/blossom (freeze-dried method) or 3.2 log CFU/
blossom (hood-dried method) via contaminated poultry litter (ca. 10 mg applied to each blossom). In total, 30 Marketmore76 plants at the blossom stage
were divided into three treatment groups: a negative control group [dosed with untreated poultry litter (PBS or skim milk); n=2] and two treatment groups
[inoculated with freeze-dried S. Poona litter (n=14) or air-dried S. Poona litter (n=14)]. Cucumbers (harvested 4-55 days post inoculation; average weight
298.8 g) were analyzed for Sa/monella by enrichment in accordance with modified FDA-BAM methods. Data were analyzed for prevalence of contamination
(surface and inside), and the Pearson Chi-Square test was used to determine significant differences in prevalence of contamination by inoculum method.
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Results: Of the total mature fruit harvested from freeze-dried- (n=24) or air-dried-Sa/monella-inoculated blossoms (n=37), 62.5% (15/24) or 27.0%
(10/37) were contaminated and 8.3% (2/24) or 8.1% (3/37) had Sa/monella internalized into the fruit, respectively. Prevalence of internal contamination was
equivalent when comparing inoculum methods (x2=0.001, P=0.9750). Surface contamination was significantly lower in air-dried versus freeze-dried method
(x2=7.573, P=0.0059).

Significance: These results identified poultry litter as a means for Sa/monella to colonize and internalize mature fruit when introduced to blossoms
during pre-harvest.

T13-10 E. coli Survival in an Organic Romaine Lettuce Field Amended with Treated Biological Soil
Amendments of Animal Origin in the Southwest Desert, 2021-2022

Peiman Aminabadi’, Jairo Diaz-Ramirez?, Gilberto Magallon?, Anna Zwieniecka', Mayela Castaneda'’, Manan Sharma® and Michele Jay-
Russell’
"Western Center for Food Safety, University of California, Davis, CA, *University of California Agriculture and Natural Resources, Desert Research and
Extension Center, Holtville, CA, 3USDA ARS Environmental Microbial and Food Safety Laboratory, Beltsville, MD

o3 Developing Scientist Entrant

Introduction: Vegetables grown close to the ground and fertilized with untreated biological soil amendments of animal origin (BSAAO) such as raw
animal manure are at increased risk for microbial contamination. Proper composting/treatment of BSAAOs using a validated method reduces this risk, but
cross-contamination during pre-harvest production can introduce pathogens. Side dressing is a common practice to provide nutrients to organic lettuce
plants during production.

Purpose: A field trial was conducted to investigate survival of Escherichia coli inoculated in soils amended with heat-treated poultry pellets (HTPP) or
seabird guano pellets (SGP) with one or two applications of side dressings, and transfer to romaine lettuce.

Methods: Organic romaine lettuce seedlings were transplanted into triplicate plots of soil amended with HTPP, SGP, or not amended (UN), followed
by overhead irrigation using standard industry practices during the 2021-2022 growing season. Treatment groups received one (HTPP-1, SGP-1) or two
(HTPP-2, SGP-2) side dressings at 4 to 6-week intervals. Plots were inoculated with rifampicin-resistant Escherichia coli (E. colif) one month prior to harvest.
Levels of E. colif in composite soil samples and on intact mature lettuce heads were analyzed by direct plating and MPN methods. One-way ANOVA with
the Bonferroni comparison test were used to compare E. coli levels between treatments.

Results: A 2-log reduction in E. coli"f levels was observed in soils from HTPP-2, SGP-1, and SGP-2 from 0 to 28 days post-inoculation. In contrast, there
was no significant reduction of E. coli in soils from HTPP-1 and UN plots in comparison with the other treatments (P<0.005). E. coliflevels were also signifi-
cantly higher on lettuce plant samples grown in plots receiving only one HTPP side dressing (P=0.040).

Significance: Different side dressing types and intervals using treated BSAAOs may impact E. coli persistence in soil and transfer to organic romaine
lettuce prior to harvest.

T13-11 Risk Factors Associated with Generic E. coli Contamination of Fresh Produce Grown in Manure-

Amended Soils in Organic Farms

Kefang Nie', Jerome Baron?, Thais Ramos', Peiman Aminabadi®, Michele Jay-Russell?, Patricia Millner4, Paulo Pagliari®, Mark
Hutchinson®, Annette Kenney’, Fawzy Hashem’ and Alda Pires®
'Department of Population Health and Reproduction, School of Veterinary Medicine, University of California-Davis, Davis, CA, 2Center for Animal Disease
Modelling and Surveillance CADMS, Department of Medicine and Epidemiology, School of Veterinary Medlicine, University of California-Davis, Davis,
CA, 3Western Center for Food Safety, University of California, Davis, CA, *U.S. Department of Agriculture - ARS, Beltsville, MD, SUniversity of Minnesota,
Lamberton, MN, ®University of Maine Cooperative Extension, Orono, ME, University of Maryland Eastern Shore, Princess Anne, MD, 8Department of
Population Health and Reproduction, School of Veterinary Medicine, University of California-DavisMedicine, Davis, CA
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Introduction: Animal manure is often used to improve soil health and is particularly important in organic agriculture. Therefore, in order to reduce the
risk of produce contamination, the time interval between manure application and produce harvesting still needs further scientific assessment.

Purpose: To investigate risk factors associated with generic Eschericha coli (gEc) contamination on fresh produce grown in certified organic farms using
untreated manure.

Methods: A two-year (2017-2018) study was conducted in USDA-National Organic Program (NOP) certified organic farms (n=527) in California, Maine,
Minnesota, and Maryland. Samples (soil, fresh produce, and water) were collected during the two growing seasons and were analyzed for gEc populations
by mini-Most Probable Number (MPN) assay and confirmed by PCR. Farm, environmental and soil related risk factors were assessed using logistic regres-
sion models.

Results: Overall, gEc prevalence among all produce samples was 22.4% (118/527). Maine had the highest gEc prevalence (33.1% (41/124)), while Califor-
nia had the lowest (10.3% (23/223)). Soil moisture (OR=2.96, P=0.002) and precipitation on the sampling day (OR=1.01, P=0.020) significantly increased the
odds of gEc produce contamination. Presence of foodborne pathogens in soil over 120 days after manure application (OR=5.14, P=0.009) increased the
odds of produce contamination, while foodborne pathogens-positive soil under 120 days after manure application (OR=0.10, P<0.001) decreased the odds.

Significance: This study provides science-based information to identify potential risk factors influencing fecal bacteria contamination in fresh produce
grown in soils amended with untreated manure on NOP-certified organic production systems.

T13-12 Contribution of Wild Bird Feces to Salmonella on Produce Plants

Jared Smith, Sofie Varriano, Laurel Dunn, William Snyder and Nikki Shariat
University of Georgia, Athens, GA

o%* Developing Scientist Entrant

Introduction: Identifying sources of foodborne pathogen transmission to fresh produce is crucial to prevent outbreaks.

Purpose: Wild birds have been linked to produce-related outbreaks, but basal prevalence and vector species have yet to be defined in the Southeast
United States, complicating the ability of growers to manage pathogen risk.

Methods: To fill this knowledge gap, a total of 773 fecal samples were collected from 45 farms, ranging from small operations (<0.5 acres) to large
commercial fields (>100 acres), across the Southeast US from May to October 2021 and 2022. In addition to fecal sample collection, Physical bird counts
were conducted during each site visit to link observed bird communities to landscape and livestock factors that might increase risk of Sa/monella incidence.
Crops sampled included peppers, tomatoes, squash, cucumbers, eggplants, okra, and other above-ground produce.

Results: While InvA PCR results detected Salmonella in 9.75% of fecal samples, incidence of viable Salmonella identified by culture was significantly lower
at 2.07%. Dried fecal samples were less likely to yield viable culture (chi-squared test, P<0.01). Additionally, no incidence of pathogen contamination from
feces to produce on the sampled plant or to neighboring plants downwind was found. Sequence analysis of the CO/ gene from 75 fecal samples identified
19 different bird species, with five species linked to presence of viable Salmonella. An NMDS plot showed that bird species identified from feces found in
produce fields were associated with a reduction in natural landscape.

Significance: While these results indicate some wild bird species pose a food contamination risk, overall incidence of Sa/monella in wild bird feces ap-
pears low. The information from this study will be used to develop relevant on-farm bird deterrents to improve food safety in fresh produce.
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T14-01 Using Social Media to Reach Producers and Consumers of Microgreens: A Case Study

Barbara Chamberlin’, Kristen Gibson?, Sujata A. Sirsat® and Matheus Cezarotto’
"New Mexico State University, Las Cruces, NM, 2University of Arkansas, Fayetteville, AR, 3University of Houston, Houston, TX

Introduction: Microgreens are an emerging salad crop, which calls for customized education in food safety for both growers and consumers.

Purpose: An interdisciplinary team collaborated to design an information campaign in ways that appeal to growers and consumers. An initial user needs
analysis showed consumers (n=680) commonly get information about microgreens from social media (49%) and/or cooking shows (49%). They most often
eat microgreens at home (54%) and buy microgreens as a “living tray” (56%).

Methods: The team of microbiologists, digital media specialists, and instructional designers engaged in the Transformational Design Process to refine
messages for an educational campaign for consumers and one for growers.

Results: Based on the needs analysis, the team created social media posts and animations to address key concepts. For example, 49% of the consum-
ers in the needs analysis didn't understand the difference between sprouts and microgreens (P<0.001). In response, a social media infographic explained
the difference. This initial post had high engagement (481 interactions; 981 views) and spread on several microgreens groups. It inspired copycat posts
by microgreens influencers. This shows that science-based surveys on food safety can lead to successful interventions which meet consumer needs. The
microgreens consumer social media campaign has been released yielding 29 posts on key messages. A campaign for growers is in progress and includes
3 animations in progress. A final toolkit will include a website, infographics in social media format, social media posts, and short animated videos at
all-about-microgreens.org.

Significance: This campaign focused on basic information about microgreens storage and washing, common misconceptions, and safe growing practice,
and is suitable for dissemination by food safety educators through the channels identified in the user needs analysis. The package provides trustworthy,
science-based content that educators can distribute to their audiences for food safety education.

T14-02 Itips: Interactive Tools to Improve the Practice of Food Safety for Processors

Nancy Flores’, Amanda Kinchla?, Shannon Coleman?, Matheus Cezarotto' and Barbara Chamberlin'
"New Mexico State University, Las Cruces, NM, 2Department of Food Science, University of Massachusetts Amherst, Amherst, MA, 3lowa State University,
Ames, IA

Introduction: Processing facilities and commercial incubator kitchens have created opportunities for processors to produce value-added products.
While these processors from diverse backgrounds know their product well, they often lack experience and resources in providing appropriate training and
evaluation specific to the food safety risks in these facilities and with their employees.

Purpose: “Interactive Tools to Improve the Practice of Food Safety” (iTIPS) is a multi-state (IA, MA, NM) project developing an interactive virtual lab to
reach food processors and educators with an effective food safety digital training.

Methods: The interactive training was designed in a research-based process, with an interdisciplinary team of food scientists, gaming experts and eval-
uators. The team conducted a survey and semi-structured interview with a cohort of food industry partners (n=7) to better understand processors’ needs.
Program content priorities and interactive gaming layout was developed through a design summit. Using research data, the team identified audience
needs, articulated intended educational changes for users, and planned educational activities to foster this change. The team refined the module based on
user testing data.

Results: The cohort pointed to “time for training” and “cost of training” as the major issues standing in the way of food safety training. The panel ranked
“preventive controls for human food”, “sanitation and record keeping” and “allergen training” as the most important training topics needed. Additionally,
they highlighted the need for short trainings, less technical and more grounded hands-on examples, and that trainings be bilingual (English and Spanish).

Significance: Creating an interactive module that is accessible and freely available online in English and Spanish enables stronger access to training
tools to under-served communities with limited resources to help improve food safety practices and regulatory compliance.

T14-03 Effectively Incorporating New Platforms into Education and Outreach Initiatives for Produce
Safety Stakeholders: Learnings from a Year-Long Venture into the Virtual Space

Alexis M. Hamilton', Michelle Danyluk? and Laura K. Strawn?
"irginia Tech, Blacksburg, VA, *University of Florida CREC, Lake Alfred, FL, 3Virginia Tech Department of Food Science and Technology, Blacksburg, VA

Introduction: Food safety education, outreach, and extension activities have, since 2020, increasingly transitioned to virtual forums to increase the
number of stakeholders interacted with at a given time. A major barrier to virtual programming is determining what types of content transfer and make
impacts with the audience.

Purpose: To analyze virtual methods of content delivery for engagement, interest, and value with fresh produce stakeholders to enhance education
efforts.

Methods: A social media outreach program was implemented to assess stakeholder response to identifying food safety experts, answering common
questions, obtaining relevant food safety publications, and increasing awareness of research and recommendations for the produce industry. Primary
social media posts (“tweets”) were released at least once per day on Twitter five days per week for 1 year (n=274). Eleven 90-min webinars were present-
ed at a rate of approximately one per month to address emerging produce safety issues relevant to the industry using a speaker presentation or panel,
question-and-answer session, and post-webinar survey (n=11). Data were collected using Twitter and Zoom Analytic software to assess engagement (en-
gagement rate; attendance rate), interest (likes; registration), and content value (retweets; survey response) using Kruskal-Wallis and Dunn tests in RStudio
Version 4.2.2.

Results: Primary tweet content was divided into advertisements (13.9%. 38/274), education (34.7%, 95/274), personnel introductions (18.6%, 51/274),
publications (19.3%, 53/274), research updates (12.4%, 34/274), and other (1.1%, 3/274). Engagement did not differ by tweet content (P=0.2075), but
interest (P<0.0001) and value (P=0.0065) did. Viewers valued advertising content significantly more than publications (P=0.0063) and research updates
(P=0.0125). Average webinar registration and attendance were 522 and 374, respectively, with an attendance rate >70%. Both engagement and value
increased over time for webinars, but interest did not.

Significance: Sole evaluation of commonly used engagement rates or interest metrics cannot effectively identify the types of virtual content valued by
produce industry stakeholders.

T14-04 Thinking Outside of the Recipe Box: Food Safety and Nutritional Information in UK and U.S. Meal
Kits
Naomi Melville?, Alicyn Dickman?, Joseph Baldwin', Elizabeth C. Redmond’, Sanja llic? and Ellen Evans’

'ZERO2FIVE Food Industry Centre, Cardiff Metropolitan University, Cardiff, United Kingdom, The Ohio State University, Columbus, OH

Introduction: Growing in popularity, meal-kits give consumers the opportunity to prepare home cooked meals by providing boxes of fresh, measured
ingredients with step-by-step recipe cards. Currently, little is known about the food safety and nutritional information included in meal kit recipes.

Purpose: Determine the provision of food safety and nutritional information in UK and US meal kit recipes.

Methods: Cumulatively, 485 meal-kit recipe cards (UK=359; US=126) from 19 providers (UK=8; US=11) were obtained from consumers via social media. A
Qualtrics tool was developed to review inclusion of food safety and nutritional information.

Results: Although all eight UK and 10 of the 11 US meal kit providers included some form of food-safety related information, the information was often
inadequate to ensure domestic food safety. For example, of meal-kit boxes that included perishable ingredients; 51% of UK recipes specified the need for
chilled storage, whereas only 12% of US recipes provided such information. Only one recipe (from UK) referred to recommended temperatures (<5°C).

78 IAFP Annual Meeting Abstracts



T14-05 - T14-07

Advice on washing fruit and vegetables were positive, with 88% of UK and 82% of US recipes referring to the practice. Handwashing before starting food
preparation was stated in 46% of UK recipes but none of the US recipes. UK recipes provided handwashing prompts after 47% of occasions requiring
handwashing such as after preparing raw poultry, while in US handwashing was only referenced on 6% of recipes. Subjective guidance for cooking ade-
quacy were found; with UK statements (n=1306) focusing on visual assessment of colour (35%) while US statements (n=236) referred to cooking duration
(40%). Nutritional information was provided by six UK providers and seven US meal kit providers.

Significance: This study has identified differences in food safety information communication by US and UK meal kit providers. Although food safety in-
formation was more frequently included in UK recipes, there is a need to understand if, and how, consumers engage with such information when following
meal kit recipes.

T14-05 Understanding Establishment Food Safety Systems When RTE Product Tests Positive for Listeria
monocytogenes

Aaron Beczkiewicz, Nikalas Bledsoe, Meryl Silverman and Carrie Clark
USDA-FSIS, Washington, DC

Introduction: The Food Safety and Inspection Service (FSIS) initiates targeted inspection activities when ready-to-eat (RTE) meat and poultry products
sampled by FSIS test positive for Listeria monocytogenes.

Purpose: This project aims to improve RTE product safety by understanding how establishments implement food safety programs after RTE product
tests positive for L. monocytogenes and determining whether attention is needed with respect to Listeria control measures or other establishment charac-
teristics.

Methods: Establishment compliance with HACCP, Sanitation, and Listeria Rule regulations was evaluated among 146 establishments where RTE product
sampled by FSIS tested positive for L. monocytogenes from 2016 thru 2021. Analyses accounted for 874,931 inspection tasks scheduled for this cohort from
2016 thru 2021; noncompliance was documented by 15,879 of these tasks. Logistic regression assessed whether establishment characteristics (e.g., Listeria
control measures, HACCP processing categories) were associated with noncompliance in the 30 days after product tested positive for L. monocytogenes
and other outcomes (e.g., operational status, multiple product positives). Univariable odds ratios (OR) and 95% confidence intervals (Cl) were estimated for
each characteristic.

Results: While not statistically significant at P<0.05, odds of stopping FSIS inspected operations were lower among establishments with at least one
“Fully Cooked - Not Shelf Stable” HACCP plan (OR = 0.495, 95% Cl: [0.156,1.573]) than establishments without one. Odds of additional product testing pos-
itive for L. monocytogenes was higher among establishments using antimicrobial agents or processes (Alternative 2 Choice 2) to control Listeria (OR = 1.35,
95% Cl: [0.439,4.155]) than those using sanitation (Alternative 3) where corrective actions (e.g., intensified sanitation) may be more readily implemented.
Notably, 15 (10.3%) of the 146 establishments no longer produce RTE product.

Significance: These results may facilitate industry compliance with food safety regulations and statutes by enabling FSIS to develop targeted guidance
or outreach for establishments with increased likelihood of adverse outcomes (e.g., noncompliance, operational status, multiple product positives).

T14-06 E.coli 0157 Outbreak - 18 Years on: Reducing Risk through a Sector Specific Knowledge-Transfer
Programme Engaging Government, Industry and Knowledge Partners - Case Study Impact

David Lloyd' and Elizabeth C. Redmond?
Cardiff Metropolitan University, Cardiff, South Wales, United Kingdom, 2ZERO2FIVE Food Industry Centre, Cardiff Metropolitan University, Cardiff, United
Kingdom

Introduction: In 2005, an Escherichia coli outbreak in South Wales hospitalized 31 people, one of whom died. In total, 157 cases were recorded, and the
outbreak source was identified as cooked meat from a local meat processing plant. The commercial impact was estimated to be a 10% reduction of the
meat-sector value in Wales in 12 months following the outbreak. During the past 15 years, a bespoke knowledge-transfer project based on a ‘Triple-He-
lix-Model' (government, industry and knowledge partners) has been designed and implemented to improve food-safety practices within the sector.

Purpose: The aim of this project included development and implementation of an intervention approach to positively impact food safety within private
sector partners, including those in the meat sector.

Methods: This knowledge-transfer project content was defined by industrial partners and related to technical food-safety requirements. Each project in-
volved a partner company and a university-based food safety expert. Clear, technical KPIs were defined for each project and measured throughout project
implementation. Impact was measured by the number of successful British-Retail-Consortium-Global-Standards and food safety accreditations attained,
financial company impact in relation to retained/new sales, creation/retention of jobs and the number of new markets accessed.

Results: Knowledge-transfer projects over the past 15years include engagement with 197 companies, implementation of 615 knowledge-transfer proj-
ects and utilization of $16.05 million of European Union funding. Outputs related to company performance were measured and validated at $208million.
Knowledge-transfer activity led to 339new jobs being created with 2403jobs retained as a result of 218 new markets accessed (due to food-safety accredi-
tations). Support for food safety in product development led to the successful launch of >699 products.

Significance: Outcomes of project development/implementation include an evolving knowledge-transfer based intervention to supply food safety
expertise to the food sector, collaboration between knowledge-based partners across the country, a reduced risk of a food poisoning outbreak in partner
companies and a mechanism to deliver governmental strategies in relation to food safety and sector growth.
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T14-07 Exploration of Food Safety Culture Maturity and its Relation to Organizational and Employee
Characteristics

Pauline Spagnoli, Peter Vlerick and Liesbeth Jacxsens
Ghent University, Ghent, Belgium

o%* Developing Scientist Entrant

Introduction: Explorations of food safety management systems (FSMS) are available, but the next step is quantitatively exploring food safety culture
(FSC) in the food processing industry.

Purpose: This research aims to reveal trends in maturity of included FSC dimensions, subcultures that could be present within organizations and group-
ings of companies based on maturity.

Methods: Twenty food processing companies were recruited and subjected to a food safety culture diagnosis through a mixed-method assessment.
Food safety culture maturity, as perceived by employees, was compared based on the number of gaps (i.e. underdeveloped dimensions). Next, it was
explored whether organizational characteristics (e.g. company size) and employee characteristics (e.g. leaders vs. non-leaders) were associated with per-
ceived food safety culture maturity (1410 full responses) through a two-step cluster analysis and statistical tests (Mann-Whitney U and Kruskal-Wallis tests).

Results: The FSMS and the human-organizational building block had a relatively high frequency of gaps. In contrast, the human-individual building block
of food safety culture seemed more mature in the sample. Significant differences in perceptions (P<0.05) were discovered between groups, based on the
following organizational characteristics: company size, belonging to a larger group, producing private label or premium brand, place in the chain, food
safety training frequency, certificates, maturity of the control and assurance activities, and maturity of the human-organizational dimensions assessed
in the applied management interview. Concerning individual characteristics, significant differences (P<0.05) in perceptions were discovered based on
whether or not the respondent occupied a leadership position, is in daily direct contact with food products, seniority, time since food safety training and
psychosocial wellbeing.

Significance: Results can be used to develop food safety culture improvement interventions within companies as these might focus on lower perceiving
(sub)groups of employees or would want to counter the formation of subcultures and could support food authorities to target specific groups of compa-
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nies, inspection-wise.

T14-08 The National Antimicrobial Resistance Monitoring System Extending Retail Food Surveillance to

Hawaii

Megan Gaa', Edward R. Atwill', Katie Lee’, Yanhong Liu', Maurice Pitesky’, Rajesh Jha? Kurtis Lavelle’, Lauren Arakaki?, Alicia Hara?,
Bakytzhan Bolkenov', Yu Okada', Annika Quist?, Sudipta Talukder', Tanner Okamura? Shani Houghtailing?, Sharon Giat', Kathy Li",
Xiang Yang' and Xunde Li’
"University of California Davis, Davis, CA, University of Hawaii Manoa, Honolulu, HI

Introduction: Antimicrobial resistance (AMR) is an issue of concern for food safety and public health. Retail foods are one of the routes that transfer
AMR to humans. The FDA National Antimicrobial Resistance Monitoring System (NARMS) tracks the AMR trends in retail foods.

Purpose: To enhance the NARMS geographical and population representativeness by extending retail food surveillance to Hawaii.

Methods: Starting January 2020, fresh retail meat (chicken, turkey, beef, and pork) and raw seafood (shrimp, salmon, and tilapia) were collected monthly
from randomly selected grocery stores in Hawaii. Salmonella, Campylobacter, Escherichia coli, and Enterococcus were tested in meat samples using the
NARMS Retail Meat Isolation Protocol, while Vibrio, Enterococcus, Aeromonas, and lactose fermenters were tested in seafood samples using the NARMS
Seafood Isolation Protocol.

Results: Between 2020 and 2022, 936 retail meat (282 chicken, 282 turkey, 186 beef, and 186 pork) and 216 seafood (75 salmon, 66 shrimp, and 75 tila-
pia) samples were collected. Sa/monella was recovered in 16.0% chicken, 4.6% turkey, 1.6% beef, and 0.5% pork of tested samples and Campylobacter was
recovered in 11.3% chicken and 0% turkey of tested samples (not tested in beef and pork). The recovery rates of E. coli ranged from 19.1% to 65.8%, while
that of Enterococcus ranged from 48.1% to 86.5% in tested meat samples. Regarding seafood samples, Vibrio spp. was recovered in 6.7% tilapia, 21.2%
salmon, and 71.2% shrimp of tested samples. The recovery rates of Enterococcus, Aeromonas, and Lactose fermenter ranged 40.0-84.8%, 57.3-78.7%, and
69.4-84.1%, respectively.

Significance: The NARMS retail food surveillance in Hawaii tracks the trends of AMR in retail foods in Hawaii.

Acknowledgment: This project was partially supported by the FDA cooperative agreement U01FD006244 and UOTFD007163. The contents are those of
the author(s) and do not necessarily represent the official views of, nor an endorsement, by FDA/HHS, or the U.S. Government.

T14-09 Design and Evaluation of a Portable Atmospheric Cold Plasma Jet to Inactivate Pathogens from
Fruits and Vegetables

Mohammad Ruzlan Habib, Janie Moore and Sergio Capareda
Texas A&M University, College Station, TX

o%* Developing Scientist Entrant

Introduction: Nowadays, atmospheric cold plasma demonstrates promising results in foodborne pathogen disinfection and hence can be utilized for
in-field use.

Purpose: The study is focused to design and estimate the potential of a mobile cold plasma device for pathogen inactivation from fruit and vegetable
surfaces.

Methods: A dielectric barrier discharge type plasma jet was designed using a plasma power generator fed with atmospheric air at a flow rate of 5 Ipm.
The current and voltage were determined using Agilent 54641D mixed signal oscilloscope coupled with a current transformer. The formed plasma gas spe-
cies were identified using a BLACK-Comet Spectrometer connected with a F600-UV-SR fiber optic cable. The Matheson-Kitagawa gas detector and precision
tubes were utilized to measure ozone generated from the plasma jet. Methylene blue (MB) verification test was conducted treating 0.001% analytical grade
MB solution with plasma jet and measured the absorbance using UV-Vis spectrophotometer. Freshly harvested strawberry samples (n=30) were inoculated
with Aspergillus flavus on the surface and CFUs were quantified before and after treatment for the plasma device efficacy determination. The samples were
subjected to colorimetric test for aesthetic color value measurement using the Hunter Labs colorimeter.

Results: The discharge current during the plasma generation was ranged from 0.15 mA to 10 mA producing ozone varied between 9 ppm to 280 ppm at
the tip of the plasma. The optical emission spectroscopy showed wide range of reactive oxygen species including singlet oxygen, ozone, and OH* radical.
The MB test resulted maximum discoloration of 94.7% due to high ozone production from the system. At least 3 log reduction CFUs of A. flavus is expected
from the plasma treatment with no losses in aesthetic outlook of the strawberry fruit.

Significance: The current results demonstrate promising usefulness of a portable plasma device in providing food safety solutions for fruits and vegeta-
ble farmers and food industries.

T14-10 Maturing Food Safety Culture with Nudging in Food Manufacturing Environments in the UK

Sophie Tongyu Wu', Lone Jespersen? and Carol Wallace?
"University of Central Lancashire, Preston, United Kingdom, >Cultivate Food Safety, Hauterive, Switzerland, 3University of Central Lancashire, Preston,
Lancashire, United Kingdom

Introduction: Increasing number of public guidelines and private standards emphasizes the importance of food safety culture, challenging food industry
to drive evidence-based culture change. “Nudging” is effective in influencing people’s behavior and prompting culture change, but it has not been studied
in the context of food safety culture.

Purpose: This research study aims to improve food safety culture via nudging in a weekly change cycle using a validated machine learning tool.

Methods: Each person was nudged every day through answering one question on food safety in nine UK food manufacturing companies (13 sites) from
June 2021 to September 2022, resulting in over 180,000 answers. Machine learning generated a weekly action report for each company, from which the
companies picked one incremental action to execute every week. Culture maturity was calculated as the running average of all responses. ANOVA was
conducted to determine the maturity of food safety culture by dimension by functional work area. Logistic regression was conducted to determine how
culture of food safety changed through nudging and to identify key drivers of change.

Results: Using the GFSI food safety culture position paper, companies have varying strengths on the five dimensions. Heatmap analysis indicates that
“Adaptability” is the least mature dimension and “People” the second least mature. “Values and Mission” is most mature dimension in the participating
companies, although how and why food safety was prioritised during business-critical decision-making was not always shared with team members. In the
course of 16 months, nudging leads to improvement in food safety culture in several of the companies.

Significance: This study contributes to the currently scarce empirical evidence on how culture of food safety is improved. It is also the first study to use
nudging to improve food safety culture.
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T14-11 Comparing the Effect of Electrical Potential and Hydrogen Peroxide on the Efficacy of Atmospheric
Pressure Plasma Jet to Reduce Three Salmonella Serovars at Three Exposure Times

Bet Wu, Aftab Siddique, Charles Herron, Garret Royster, Katherine Sierra, Luis Guzman, Micah T. Black, Ryan Sheinberg, Saikat
Chakraborty Thakur, Laura Garner and Amit Morey
Auburn University, Auburn, AL

0:0 Developing Scientist Entrant

Introduction: Salmonella continues to be a major risk associated with raw poultry warranting the need to explore novel technologies such as atmo-
spheric pressure plasma jet (APP)).

Purpose: Optimization of atmospheric pressure plasma jet (APP)) to eliminate three different serovars of Salmonella inoculated on raw poultry skin.

Methods: Fresh chicken skin coupons (1 sq. cm) (n=189) were cut from the breast skin and stored at 4°C. The coupons were inoculated individually
with Salmonella Enteritidis (SE), Salmonella Heidelberg (SH) and, Salmonella Typhimurium (ST) to obtain a target inoculum of 104 CFU/cm?. After a 30 min
attachment period at 4° C, the inoculated coupons were treated for 0, 10 and 20 min with different combinations of helium (He), hydrogen peroxide 3%
(H,0,) and APPJ using 5.20 and 5.75 kV potential. Post-treated samples were vortex for 30 s in cryovials with buffered peptone water (2 ml), serially diluted
and then spread plated on XLT4 agar plates which were incubated for 24 h at 37° C. Typical Salmonella colonies were counted and reported as log CFU/sq.
c¢m. The experiment was repeated as three separate trials with three samples per treatment for each trial. Data was analyzed using ANOVA (P<0.05) with
Tukey's HSD to determine significant differences between treatment means.

Results: Plasma jet generated using 5.20 kV and 5.75 kV had a <1 log and 0.5-2.46 log kill at 20 min exposure, respectively demonstrating the signifi-
cance electrical potential to eliminate Salmonella. Application of H,0, + plasma at 5.75 kV was highly efficacious in eliminating ~1.8 log CFU of ST and SH
while it did not make a significant change for SE indicating serovar-level differences in APPJ's efficacy to eliminate Salmonella on chicken skin.

Significance: The AAP) is potential food safety hurdle technology, but significant research is warranted to ensure its efficacy.

T14-12 Induction of Viable-but-Non-Culturable Campylobacter jejuni Under Different Food Processing
Conditions

Jingbin Zhang' and Xiaonan Lu?
"McGill University, Sainte-Anne-De-Bellevue, QC, Canada, >McGill University, Sainte-Anne-de-Bellevue, QC, Canada

0:0 Developing Scientist Entrant

Introduction: Foods are frequently exposed to complex environmental conditions, providing stress to induce bacteria to enter the viable-but-non-cultur-
able (VBNC) state. As a leading cause of human gastroenteritis worldwide, Campylobacter can be induced to the VBNC state under stress conditions. How-
ever, how food processing can induce C. jejuni to enter the VBNC state and the potential role of foods in inducing VBNC C. jejuni remain largely unknown.

Purpose: This study aimed to investigate the effect of food processing conditions and food products on the progress of VBNC C. jejuni formation.

Methods: Culturability and viability of C. jejuni were investigated under chlorine treatment (25 ppm), aerobic stress (atmospheric condition), and low
temperature (4°C) conditions. In addition, the behaviors of C. jejuni in ultra-high-temperature (UHT) and pasteurized milk were also monitored during re-
frigerated storage. The number of culturable and viable C. jejuni in both pure bacterial culture and food matrices was separately determined by propidium
monoazide (PMA)-quantitative PCR and the plating assay.

Results: C. jejuni lost its culturability but partially remained its viability (1-10%) once bacterial culture was mixed with chlorine solution. In comparison,
>90% C. jejuni was induced to the VBNC state after 24 h and 20 days under aerobic and low temperature conditions, respectively. The viability of C. jejuni
remained stable during induction in UHT (>90%) and pasteurized (>95%) milk. The number of culturable C. jejuni decreased quickly in pasteurized milk
although culturable cells could still be detected in the end (day 21). In contrast, culturable C. jejuni slowly decreased and became undetectable after >42
days of induction in UHT milk.

Significance: This study provides a better understanding of the induction of VBNC C. jejuni in the agro-ecosystem and aids in the development of inno-
vative mitigation strategies to reduce the health risks associated with this microbe.
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T15-01 Accelerated Inactivation of Clostridium sporogenes and Bacillus subtilis by Ohmic Heating

Shyam Singh', Mohamed Ali', Huihong Liu', George Korza?, Peter Setlow? and Sudir Sastry’
The Ohio State University, Columbus, OH, 2UCONN Health, Connecticut, CT

Introduction: Prior work shows that the electrical components of ohmic heating (OH) cause accelerated inactivation of bacterial spores. In this work we
explored the effects of electric field strength on the inactivation of Clostridium sporogenes PA3679 (a surrogate of Clostridium botulinum), and Bacillus subtilis
PS533 (wild-type) & PS578 (lacking Small Acid-Soluble Proteins: SASP) & PS2318 (lacking recA gene important in DNA repair).

Purpose: Studying Ohmic heating effects on bacterial spore inactivation.

Methods: In this study we allowed the temperature to rise linearly by applying a constant electric field, and once the samples reached the set tempera-
ture, they were immediately cooled i.e., with zero holding time. We conducted experiments with three field strengths (30, 40, and 50 V/cm), and three final
temperature settings (95, 105, and 115°C for B. subtilis, and 110, 120, and 130°C for C. sporogenes) respectively.

Results: Our results show that field strength had a strong effect on the inactivation of both spores, for instance the reduction in C. sporogenes counts
increased from 1.71+0.06 CFU/ml for 30 V/cm to 3.9+0.52 CFU/ml for 50 V/cm at 130°C. Similarly, for B. subtilis, the inactivation increased from 1.72+0.04 to
4.94+0.28 CFU/ml at 115°C. We compared the inactivation data of ohmic with that of conventional heating by matching the temperature histories and we
found a significant difference between ohmic and conventional. Furthermore, results of tests with spores of B. subtilis that lacked SASPs suggest that SASPs
are one of the targets of the electric field. Also, our results with recA mutant follows similar inactivation trend compared to wild type spore, suggesting that
recA is not a target of OH.

Significance: These findings add to our understanding of the nonthermal effects of OH and highlight the potential of OH to be used as an efficient way
to kill spores without significantly affecting product quality.

T15-02 Effect of Plasma Activated Nanobubble Water (PNBW) Treatments on Klebsiella Aerogenes Biofilm
on the Inner Surfaces of Piping: Numerical Simulation and Experimental Validation

Juzhong Tan
Florida A&M University, Tallahassee, FL

Introduction: Plasma activated nanobubble water (PANW) is an environmentally friendly sanitizers that can impart substantial shear stress to food
contact surfaces. It also processes strong antimicrobial capability due to their reactive species, such as ozone, peroxynitrite, and hydrogen peroxide.

Purpose: Investigate and validate the approach of using PANW as a novel sanitizer to clean/sanitizer food contact surfaces with biofilm.

Methods: PAMW and PAW were generated by submerging dielectric barrier discharge electrodes in nanobubble water (NBW) and tap water, respective-
ly. PANW, MBW, and chlorinated water (100 ppm) were used to clean the inner surface of PVC tubing inoculated with Klebsiella aerogenes at flow velocities
between 0.1 m/s and 1 m/s. The number of Klebsiella aerogenes that attached to the inner surface of tubing after the cleaning were enumerated on a
Tryptic soy agar plate. COMSOL Multiphysics was used to numerically simulation the nanobubble flow and the resulting shear stress that imparted to the
bacteria was calculated.
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Results: The plate enumerations show that PANW has the most potent antimicrobial effects, which reduced the number of bacteria on the inner tubing
by 3.1 log CFU/cm at flow velocity of 1 m/s. With higher flow velocity, fewer bacteria were found on the inner surface of the tubing after cleaning. PAW and
chlorinate water reduced similar number of bacteria (2.4 log CFU/cm to 2.6 log CFU/cm) at all the selected flow velocities. MBW only reduced the number
of Klebsiella aerogenes by 0.7 log CFU/cm at 1 m/s flow velocity. The numerical simulations of the nanobubble flows shown that the presence of nanobub-
ble has significantly increased the magnitude of shear stress imparted to the bacterial cells.

Significance: This study offers the food processors a non-thermal and environmentally friendly approach to sanitize the food contact surfaces without
intensively using chemical sanitizers, which ensures the safety of foods with minimized chemical hazards.

T15-03 Frontiers in Application of Elevated Hydrostatic Pressure for Inactivation of Bacterial Pathogens
and Endospores: Efficacy Augmentation by Mild Heat and Plant-Based Antimicrobials

Aliyar Cyrus Fouladkhah
Public Health Microbiology Laboratory, Tennessee State University, Nashville, TN

Introduction: Vast majority of treatments in private manufacturing currently utilize pressure intensity of 650 MPa and this pressure intensity alone is
generally believed to be efficacious only against planktonic cells, thus unable to eliminate the bacterial endospores.

Purpose: Our studies investigated the use of 300 to 650 MPa pressure treatments augmented with mild heat (up to 60 °C) and plant-based antimicrobi-
als for up to 5 and 3 log CFU/ml inactivation of pathogenic planktonic bacteria and bacterial endospore, respectively.

Methods: Studies presented are randomized complete block designs with two biologically independent repetitions as blocking factors. The microbial
challenge studies were conducted using planktonic cells and endospores in liquid foods and ground meat with monitoring of temperature and pH values.
The log-transformed microbial counts were statistically analyzed using Tukey-adjusted ANOVA at 5% type | error.

Results: Application of moderate pressure (<500 MPa) coupled with use of plant-based antimicrobials such as carvacrol, caprylic acid, and malic acid
led to reductions of Salmonella serovars, Listeria monocytogenes, and Shiga toxin-producing E. coli at a rate comparable (P>0.05) with 650 MPa-treatments.
Additionally, endospores of four indicator microorganisms (Alicyclobacillus acidoterrestris, Bacillus amyloliquefaciens, Bacillus atrophaeus, Geobacillus stearo-
thermophilus) were reduced (P<0.05) by up to >3 logs CFU/mL due to synergism of mild-heat, plan-based antimicrobials, and moderate pressure.

Significance: Current presentation illustrates that with proper validation studies, moderate pressure treatments of 300 to 500 MPa, augmented with
mild heat and/or plant-based antimicrobials could ensure the microbial safety and shelf-stability of products to a degree comparable to those treated at
elevated pressure of 650 MPa. This could lead to further retention of micronutrients, secondary metabolites, and organoleptic characteristics of pres-
sure-treated products. Additionally, use of milder elevated hydrostatic pressure treatments could lead to cost-optimization, improving competitiveness of
these products, and introducing this technology to commaodities that are unable to withstand higher pressure-based treatments.

T15-04 Mechanical Abrasion is a Promising Non-Thermal Method for the Inactivation of Bacillus
Endospores

Andrea Goh, Vinayak Ghate, Xinyu Huang, Andrea Koo and Weibiao Zhou
National University of Singapore, Singapore, Singapore

Introduction: Non-thermal processing methods such as high-pressure processing (HPP) are unable to produce shelf-stable beverages as they cannot kill
bacterial endospores. Mechanical abrasion, which involves the agitation of spore suspensions in the presence of silica beads, has the potential to disrupt
the spore structure and bring about their inactivation non-thermally.

Purpose: The study aimed to investigate the efficacy of mechanical abrasion in inactivating highly baro-resistant Bacillus amyloliquefaciens spores.

Methods: Spore suspensions of concentration 7.5 + 0.6 log CFU/ml in 0.1% peptone water were prepared by heat shock (80°C for 10 min) and subjected
to 2, 4 and 6 min of mechanical abrasion in a bead-miller surrounded by an ice jacket. Abrasion was delivered through 12 pulses, each lasting 30 s, with a 2
min relaxation after each pulse. In another scenario, the abrasion was delivered through two pulses of 5 min each, with 10 min relaxation in between. Sur-
viving spores were serially diluted, pour-plated on nutrient agar and incubated at 37°C for 24 h. The Student’s t-test was conducted to determine statistical
significant differences between the population means before and after mechanical abrasion.

Results: With a 30 s pulse period, abrasion for 2, 4 and 6 min caused statistically significant (P<0.05) reductions of 1.6+0.3, 2.2 + 0.8 and 2.3+0.7 log CFU/
ml respectively relative to the initial population (7.5 + 0.6 log CFU/ml). There were no significant differences (P>0.05) in the efficacy between the different
abrasion durations. A pulse period of 5-min increased the reduction to 2.9 + 0.7 and 3.8 + 1.1 log CFU/ml after 5 and 10 min respectively.

Significance: With the potential to achieve greater reductions by optimizing the pulse width and pulse period, mechanical abrasion can be developed as
a unit operation to achieve the non-thermal inactivation of spores and vegetative cells.

T15-05 A Large-Scale Investigation of Antibiotic-Resistance Genes and Associated Environmental Factors
in Listeria Isolated from Natural Environments across the United States

Anthony Nguyen', Sandeep Chinnareddy? and Jinggiu Liao®
Wirginia Tech, Blacksburg, VA, 2Department of Computer Science, Virginia Tech, Blacksburg, VA, 3Department of Civil and Environmental Engineering, Virginia
Tech, Blacksburg, VA

Introduction: Listeria, including L. monocytogenes, the etiological agent of listeriosis in humans, can rapidly acquire antibiotic resistance genes (ARGs),
posing increasing food safety and public health concerns. It is believed that environmental changes may select particular antimicrobial-resistant clones
that can then widely spread in nature.

Purpose: The purpose of this study is to advance our understanding of the distribution of ARGs in Listeria in the environment and underlying ecological
mechanisms.

Methods: We leveraged a nationwide genomic and environmental dataset to characterize ARGs in 596 Listeria isolates detected in soil samples collected
from nearly every state of the US. We further identified environmental factors that may promote its ARG acquisition using statistical tests.

Results: We found that the /mo0919 gene, which confers lincomycin resistance, and sul gene, which confers sulfonamide resistance, are the most prev-
alent AMR genes (present in >80% isolates), followed by fosX, norB, and Imo1695 genes, which confer fosfomycin, quinolone, and gallidermin/a-defensin
resistance, respectively. Listeria isolates from the eastern US harbor significantly higher diversity and richness of ARGs compared to the remaining regions.
The richness and diversity of ARGs in Listeria is significantly associated with soil property, climate, and land-use variables and can be accurately predicted
by these variables using machine learning models (area under receiver operating characteristic curve of 0.85 and 0.81, respectively).

Significance: Collectively, our data suggest that the distribution of ARGs in Listeria in the natural environment is spatially heterogeneous, strongly
shaped by environmental factors.

T15-06 Development of an Enzyme-Based Surrogate to Assess the Antimicrobial Effectiveness of Fresh
Produce Washing
Luyao Ma', Qingyang Wang?, Deepti Salvi? and Nitin Nitin'

"University of California, Davis, Davis, CA, 2North Carolina State University, Raleigh, NC

Introduction: Adequate wash water disinfection is critical for preventing bacterial cross-contamination during fresh produce washing. Many approach-
es have been developed to process wash water, such as adding sanitizers and plasma treatment. However, antimicrobial effectiveness is complicated by

various parameters including sanitizer concentrations and organic loads of wash water. To validate the antimicrobial effectiveness of produce washing,
non-pathogenic surrogate bacteria are commonly used as indicators, but this requires time-consuming and labor-intensive microbiological testing.
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Purpose: This study aimed to develop a non-living surrogate for rapid and visual assessment of antimicrobial effectiveness during fresh produce wash-
ing.
Methods: Catalase was selected as the enzyme-based surrogate because it is one of the key antioxidant enzymes that mitigate bacterial oxidative stress
during sanitation. To quantify changes in catalase activity upon antimicrobial treatments, a visual assay based on foam height measurement was devel-
oped. Specifically, the reaction of catalase with hydrogen peroxide generated oxygen, which was trapped by surfactants to form a visible foam. Peroxide
acid (PAA) and plasma-activated water (PAW) were used as representative sanitizers to assess the correlation between antimicrobial effects and catalase
inactivation. All experiments were repeated for at least triplicates.

Results: A linear regression model was established between catalase concentrations and foam height (R=0.948). Despite significant differences in
chemistries, both PAA and PAW inactivated catalase as a function of sanitizer concentrations. As a result, PAA and PAW dosages could be predicted by the
foam height of catalase using one phase decay regression model. Besides, catalase inactivation with PAA and PAW showed an exponential growth regres-
sion to Escherichia coli reduction. This sensing approach was also applied to predict the antimicrobial effectiveness of PAA and PAW in simulated lettuce
wash water to mimic fresh produce washing in packing houses.

Significance: This enzyme-based surrogate provides a fast and visual approach for assessing wash water sanitation during fresh produce washing.

T15-07 Cold Atmospheric Plasma to Control Listeria Strains and Extend Shelf Life of Fresh Blueberries
(Vaccinium corymbosum)

Anibal Concha-Meyer’, P] Cullen? Brendan Niemira3, Lorena Toloza*, Felipe Veloso® and Julio Valenzuela®
"Universidad Austral De Chile, Valdivia, Chile, 2University of Sydney, Sydney, Australia, 3U.S. Department of Agriculture - ARS, Wyndmoor, PA, “Universitat
Pompeu Fabra, Barcelona, Spain, >Pontificia Universidad Catolica de Chile, Santiago, Chile

Introduction: Listeria monocytogenes is a foodborne pathogen that represents high risk for consumers, since it can grow in refrigeration and can also
develop acid tolerance response (ATR). Blueberries are hand-picked, packed and transported under refrigeration for up to 60 days without a microbial
inactivation treatment. Cold atmospheric plasma (CAP) is a promising technology that can assure food safety and extend shelf-life.

Purpose: The aim was to study the survival of ATR (pH 6 and 5.5) L. monocytogenes and L. innocua in fresh highbush blueberries CAP treated at different
times and shelf-life extension.

Methods: Fresh blueberries were spot inoculated with bacteria and then placed under a blowing arc CAP treatment system with a working distance of 7
c¢m and different treatment times (5, 15, 30 and 60s). Bacterial growth was evaluated using an automated spiral plating system using modified oxford agar.
Shelf-life extension of uninoculated fruit samples was analyzed for visual appearance, yeast and molds counts, instrumental texture, surface color, pH,
water activity (a,), and soluble solids before treatment with CAP at time 0 and after 1, 4, 7 and 11 days of storage at 4°C and 90% humidity.

Results: CAP treatments over 30s demonstrated significant reductions in both pathogens under both ATR pH. Logarithmic reductions of 0.54 ufc/g
were achieved after 60s CAP treatment on L. monocytogenes ATR pH 5.5. ATR pH 6 L. monocytogenes showed the least reduction with 0.28 ufc/g after 60s
treatment. CAP 45s and 65s treatments showed significant reduction on yeast and molds at day 0, while no statistically significant effect on sample color,
pH nor a,, was observed after 11 days. Visual appearance of fruit treated with 60s CAP showed loss of bloom by day 11.

Significance: CAP is a strong and safe antimicrobial treatment that is an alternative to prevent bacterial growth of fresh produce that cannot be washed.

T15-08 Not ‘Berry’ Fruitful: The Reduction of Escherichia coli on the Surface of Fresh Strawberry by UV-LED
Technology is Limited by Complex Surface Structures

Olivia C. Haley and Manreet Bhullar
Kansas State University, Department of Horticulture and Natural Resources, Olathe, KS

o%* Developing Scientist Entrant

Introduction: Ultraviolet-C (UV-C) light has potential as a dual-purpose technology for improving strawberry (Fragaria x ananassa) postharvest quality
and food safety. Yet, as UV-C is not a highly penetrative form of irradiation, its antimicrobial efficacy is significantly reduced by shadowing from the fruits’
surface structures (e.g., sepals, achenes).

Purpose: The purpose of this study was to determine if a table-top treatment chamber fitted with six, UV-Light Emitting Diodes (LEDs; 275nm) modules
on all major sides could overcome this shadowing effect and provide simultaneous, high-powered UV-C treatment.

Methods: Strawberry fruits were dip-inoculated with rifampicin-resistant generic Escherichia coli to achieve an initial concentration of ~4 log CFU/g. To
determine the contribution of the sepals to microbial survival, the leaves of select fruit were then either left intact or removed. The fruit were then treated
individually on a 71.6% UV-transparent shelf at a dose of 0, 9.1, 18.2, or 27.3 mJ/cm? (0, 30, 60, or 90 seconds). Following treatment, the fruit were surface
washed, and the surviving E. coli were enumerated on tryptic soy agar containing rifampicin (80pg/ml).

Results: There was a statistically significant effect of time (P<0.0001), with a highly suggestive effect of leaf presence (P=0.0568). Initially, strawberry
fruit without sepals experienced a more rapid decline in microbial population. However, both groups reached a maximum log reduction after 90 seconds.
A maximum log reduction of 1.48 (SD = 0.31) was observed in fruit with intact sepals, and 1.52 log (SD = 0.30) in fruit with no sepals. Non-linearity of the
survival curves provided further evidence that the sepals were not majorly inhibiting UV-C efficacy.

Significance: The data improves the current understanding of UV-C limitations in the fresh strawberry industry. It is demonstrated that the strawberry
sepals are not the major contributor to the shadowing effect, rather, the surface achene structures may pose the greatest challenge to UV-C technology.

©
S
c
<
O
()
—

T16-01 The Impact of Adoption of Milk Safety Practices on Food and Nutrition Security: Insights from
Smallholder Dairy Farmers in Ethiopia

Bekele Wegi Feyisa', Jemma Haji' and Alisher Mirzabaev?
"Haramaya University, Dire Dawa, Ethiopia, Center for Development Research (ZEF), University of Bonn, Bonn, Germany

Introduction: Food insecurity, and nutritional insecurity remain the prominent challenges in Ethiopia. To that end, good farming practices and produc-
tivity-enhancing agricultural technologies have been identified as pathways out of these problems, and are the priority agenda of the government policy in
Ethiopia. Nonetheless, the impact of milk safety practices adoption on dairy farmers’ food and nutrition security has not yet been addressed, especially at
the smallholder farmers’ level.

Purpose: The aim of this study was to evaluate the impact of adoption of milk safety practices on dairy farmers’ food and nutrition security in Ethiopia.

Methods: A semi-structured questionnaire was employed to collect the primary data from 424 randomly selected dairy farmers in five districts in Ethio-
pia, of which 410 were used in analysis. A milk safety index was developed based on reported adoption of 45 recommended food milk measures. Different
food types consumed by the households as well as expenditure on food purchased from the market were also collected, along with the sociodemographic,
institutional and marketing variables. Generalized propensity score matching and a two-stage residual inclusion model were used to evaluate the impact
of the adoption of milk safety practices on the households' food and nutrition security indicators.

Results: The adoption of milk safety practices had a moderate impact on food consumption expenditure (P<0.05) while it had no significant impact on
food consumption score. In general, the impact of the adoption of milk safety practices on food and nutrition security of smallholder farmers is moderate
in Ethiopia. This might be due to the high compliance costs of milk safety practices and lack of quality-based pricing systems.

Significance: The finding suggests that creating an enabling environment, which in turn, encourages adoption of milk safety practices would help im-
prove the positive effects of the adoption of milk safety practices.
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T16-02 Interspecific Interactions Among Spoilage Bacteria of Dairy Origin in a Mixed-Species Model

Biofilm

Faizan Ahmed Sadiq', Koen | De Reu?, Marc Heyndrickx® and Mette Burmglle*
"Flanders Research Institute for Agriculture, Fisheries and Food (ILVO), Gent, Belgium, *Flanders Research Institute for Agriculture, Fisheries and Food (ILVO),
Melle, Belgium, 3Flanders Research Institute for Agriculture, Fisheries and Food (ILVO) - Technology and Food Science Unit, Melle, Belgium, *University of
Copenhagen, Copenhagen, Denmark

Introduction: Diverse bacteria persist on food contact surfaces because of their intricate interactions in the form of mixed-species biofilms. Previously,
we recovered Stenotrophomonas rhizophila (S1), Bacillus licheniformis (S2), and Microbacterium lacticum (S3) from a biofilm on the surface of a dairy pasteur-
izer after cleaning and disinfection. These species showed synergy in biofilm formation (2.5-fold increase in biofilm mass in co-culture). Only M. lacticum
formed abundant biofilm in isolation (crystal-violet-screening in microtiter plates).

Purpose: The purpose of the study was to explore interspecific interactions and growth dynamics that led to net synergy in biofilm mass in the
three-species biofilm model.

Methods: Bacterial biofilms in single as well as all possible dual-species combinations (S1+S2, S1+S3, and S2+S3) and a three-species combination
(S1+S2+S3) were developed on stainless steel (AlSI-304) coupons (28 x 10 mm) immersed in Brain-Heart-Infusion medium in 6-well microtiter plates. Indi-
vidual cells in each combination were quantified using selective media plates. All species were used in equal initial proportion.

Results: S. rhizophila turned out to be the most dominant species in the three-species biofilm with a significant (P<0.05) increase in its growth from sin-
gle-culture biofilm to three-species biofilm (6 to 8.3 log CFU/cm?) followed by B. licheniformis (from 5.3 to 7 log CFU/cm?), establishing commensalism and
exploitative relationship, respectively, with M. lacticum. M. lacticum turned out to be the key species in promoting biofilm growth as it facilitated the growth
of non-biofilm formers (S1 and S2) in the mixed community with a reduction in its own growth from 8 to 6.9 log CFU/cm? from single culture to three-spe-
cies-biofilm, respectively. S. rhizophila stimulated matrix production in B. licheniformis without significantly affecting its growth which contributed towards
the apparent increase in biofilm mass.

Significance: The knowledge on growth dynamics and key bacterial species in biofilms is important to control microbial biofilms of spoilage organisms
on food contact surfaces.

T16-03 Does Desiccation Enhance UV-C Tolerance of Cronobacter spp.?

Kassey Remillard’, Laura Arvaj?, Ankit Patras® and Sampathkumar Balamurugan?
"University of Waterloo, Waterloo, ON, Canada, ?Agriculture and Agri-Food Canada, Guelph, ON, Canada, 3Tennessee State University, Nashville, TN

Introduction: Cronobacter spp. is highly tolerant to desiccation and are capable of surviving in very dry environments and thus poses a significant
food safety challenge in dried and desiccated foods. UV-C has been used to inactivate pathogens in air and on high contact surfaces. However, fluences
required to inactivate desiccated Cronobacter spp. on surfaces is not known.

Purpose: Determine the fluences required for incremental inactivation of Cronobacter spp. desiccated on polystyrene surfaces.

Methods: Five dairy isolates belonging to three different species, C. sakazakii (CS1212, CS1214, CS1216), C. malomaticus (CM1246), and C. turicensis
(CD1217) were individually desiccated on polystyrene surfaces and treated with UV-C doses of 0 to 30 mJ/cm? using a collimated beam device emitting
UV-C at 253.7 nm. Exposure time for each UV dose was calculated using IUVA approved methods. All experiments were performed in triplicate. The log
reduction from each treatment was identified using the plate count method and plotted against UV-C dose. The UV-C dose required for incremental inac-
tivation for each isolate (non-desiccated and desiccated) was determined using linear and nonlinear regression. All results were analyzed using ANOVA,
followed by a Tukey's test at a 95% confidence level to determine significant differences in log reductions between non-desiccated and desiccated cells for
each UV-C dose and strain.

Results: UV-C doses required to inactivate non-desiccated and desiccated cells of Cronobacter spp. were not significantly different. However, doses
required to inactivate Cronobacter spp. on surface were three time higher than those required to achieve similar inactivation of cells in suspension. For
instance, 8.55 mJ/cm? was required to achieve a 4-log inactivation of CS1214 cells in suspension, while doses >30 mJ/cm? was required to achieve similar
inactivation of cells on surface.

Significance: Desiccation does not enhance UV-tolerance of Cronobacter spp. Significantly higher UV-C doses are required to inactivate Cronobacter spp.
on surfaces

T16-04 Microbial Control of Raw Skim Milk by Germicidal Ultraviolet Light (UV-C) Irradiation

Amritpal Singh', Brahmaiah Pendyala', Sampathkumar Balamurugan? and Ankit Patras’
Tennessee State University, Nashville, TN, 2Agriculture and Agri-Food Canada, Guelph, ON, Canada

Introduction: Prolonged storage of raw milk in chilling stations before pasteurization increases the microbial load and causes the spoilage of milk in
developing countries. The initial milk quality plays an important role in determining the end use of the milk and final quality of the milk product.

Purpose: In this proof-of-concept study, the efficacy of UV-C irradiation to control total number of aerobic bacteria (SPC) in raw skim milk (RSM) was
investigated.

Methods: Optical properties of the RSM was measured using a double beam spectrophotometer connected to a single integrating sphere. Reduced
scattering and absorption coefficients were mathematically calculated and accounted in the UV-C dose calculations. Fluid mixing was assessed using
computational fluid dynamics. The absorption and reduced scattering coefficients were calculated as 12.58 +0.8 cm™ and 15.77 £ 1.04 cm™. 3ml (9 mm
fluid thickness) of RSM was irradiated using collimated beam device equipped with a low-pressure mercury lamp (12 Watts) emitting UV-C at 254 nm wave-
length under stirred conditions. A series of known UV-C doses (0, 20, 40 m)-cm?) were delivered to the samples in triplicates followed by double platting
and enumeration.

Results: Total number of aerobic bacteria in RSM was approximately 3.5 log,, cfu.ml". 20 mJ.cm? of UV exposure reduced the total aerobic counts by 1.9
log,, cycles. At the highest dose of 40m]J-cm?, our results showed that UV-C irradiation completely inactivated total number of aerobic bacteria in RSM. This
study demonstrated that initial microflora in RSM can be reduced or eliminated using UV-C technology.

Significance: UV-C technology can effectively control the microbial growth in milk at chilling stations, reducing spoilage. This will further improve the
final microbial quality of pasteurized milk in developing countries.

T16-05 Validating Temperature for Growth, Nutrient Media, and Incubation Days for Propionibacterium
freudenreichii freudenreichii, a Dairy-Originated Probiotic Bacterium, for In Vivo Studies

Dhananjai Muringattu Prabhakaran, Muhammad Bilal Islam, Shijinaraj Manjankattil, Claire Peichel and Anup Kollanoor Johny
University of Minnesota, Saint Paul, MN

Introduction: Propionibacterium freudenreichii is a dairy-originated probiotic bacterium capable of inhibiting the colonization of pathogenic bacteria in
the host intestinal tracts

Purpose: Previous studies from our group suggest that P. freudenreichii has a beneficial effect on gut health. It can also be an alternative to antibiotics in
poultry antagonizing pathogens. Adoption of P. freudenreichii for these purposes warrant testing of ambient conditions for its prolific growth outside the
host

Methods: The growth of P. freudenreichii for seven days was assessed in two different nutrient growth media, deMan, Rogosa, Sharpe (MRS) and cocul-
ture media [MRS and Tryptic soy broth (TSB) at 1:1 ratio], at the temperatures suitable for bacterial growth (37°C) and poultry body temperature (42°C). P.
freudenreichii inoculated in tubes containing 10 ml MRS or coculture media were incubated at either 37°C or 42°C, followed by an enumeration of bacterial
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growth on days 1 through 7. Three replicates were included for each treatment within a study, and the study was repeated. Data were analyzed using
ANOVA. P<0.05 was considered significant.

Results: P. freudenreichii grew to >8 log CFU/ml at 37°C in MRS and maintained growth at the same rate over seven days. The probiotic grew in the cocul-
ture media in the range of 7.1 to 7.8 log CFU/mI. At 42°C, P. freudenreichii increased significantly (> 7.5 log CFU/ml) in MRS and had a reduced growth rate in
the coculture media (6.5 log CFU/ml; P<0.05). Results indicate the use of MRS media for ambient growth of P. freudenreichii at 37°C for in vivo studies.

Significance: Validating protocols for consistent growth of P. freudenreichii for dosing studies in host animals, including poultry, is necessary before
conducting expensive challenge models. The information will be used to develop safe and sustainable interventions against Sa/monella Infantis and other
problematic serotypes in poultry (USDA #2020-67017-30787)

T16-06 Prevalence and Antimicrobial Susceptibility Profile of S. aureus Isolates from Milk Samples Taken
from a Texas Panhandle Dairy

Savana Everhart Nunn, Pedro Melendez, Jon Thompson, Alexandra Calle and Guy Loneragan
Texas Tech University School of Veterinary Medicine, Amarillo, TX

Introduction: Staphylococcus aureus is considered one of the most common mastitis-causing pathogens and has been found in outbreaks related to raw
milk and other dairy products. Antibiotics are widely used within the dairy industry; thus, monitoring the prevalence and antimicrobial susceptibility of S.
aureus is required for antimicrobial stewardship and is vital for a One Health approach.

Purpose: This study aimed to determine the prevalence and antimicrobial susceptibility profile of S. aureus isolates collected from milk samples at a
Texas Panhandle dairy farm.

Methods: Quarter milk samples (n=323) were aseptically taken from a group of dairy cows previously diagnosed with mastitis within a Texas Panhan-
dle-based dairy. Samples were plated on Accumast Plus plates, and S. aureus was isolated. All isolates were confirmed using MALDI-TOF MS (AXIMA-iD
Plus). A subgroup of 95 S. aureus isolates was selected to conduct antimicrobial susceptibility testing, which was determined with a microbroth dilution
assay, Sensititre™, using Mastitis CMV1AMAF plates. Clinical Laboratory Standard Institute Guidelines were used to interpret the results.

Results: Out of the milk samples tested, 62% had bacterial growth on the Accumast Plus plates (200/323). Of those bacterial isolates, 79% were positive
for S. aureus (158/200). Most isolates (94%) showed co-resistance to penicillin and ampicillin (89/95). All isolates (95/95) were susceptible to pirlimycin,
tetracycline, cephalothin, sulfadimethoxine, and oxacillin+2% NaCl. One isolate (1%) showed intermediate resistance to ceftiofur (1/95), while another (1%)
showed intermediate resistance to erythromycin (1/95).

Significance: This study demonstrates that S. aureus had a high prevalence within the milk samples tested and, therefore, has the potential to end up in
the food supply. While some resistance was seen, many antimicrobials had little to no resistance and could be evidence of good stewardship; however, it is
still crucial to continue antimicrobial control efforts in animal production facilities.

T16-07 Inhibiting Potential of Selected Lactic Acid Bacteria Isolated from Costa Rican Agro-Industrial
Waste Against Salmonella sp. in Yogurt

Valeria Piedra’, Carol Valenzuela-Martinez?, Mauricio Redondo-Solano®, Natalia Barboza* and Jessie Usaga®
"Food Science Department, University of Costa Rica, San José, Costa Rica, ?National Center for Food Science and Technology (CITA), Research Center for
Tropical Diseases (CIET), and Food Microbiology Research and Training Laboratory (LIMA), University of Costa Rica, San josé, Costa Rica, *Research Center for
Tropical Diseases (CIET) and Food Microbiology Research and Training Laboratory (LIMA), University of Costa Rica, San josé, Costa Rica, *Food Technology
Department and National Center for Food Science and Technology (CITA), University of Costa Rica, San José, Costa Rica, *National Center for Food Science
and Technology (CITA), University of Costa Rica, San Jose, Costa Rica

Introduction: Lactic acid bacteria (LAB) isolated from agro-industrial waste may have bioprotective potential against foodborne pathogens in fermented
foods.

Purpose: This research aimed to characterized LAB isolated from agro-industrial waste and explore its bioprotective potential against Salmonella in
yogurt.

Methods: A total of 16 LAB isolates from Costa Rican agro-industrial waste, previously identified with 16S rRNA and with proven in vitro inhibitory capac-
ity against Salmonella, were characterized according to auto-aggregation capacity, antibiotic resistance, presence of plasmids, and gelatinase and hemolytic
activities. The bioprotective effect of the most promising strain, against a 4-strain cocktail of Salmonella sp. during yogurt fermentation, was also assessed.
Yogurt pH and pathogen population were analyzed during fermentation until reaching a pH of 4.5. Experiments were performed in triplicate and data
statistically analyzed.

Results: Three strains had good auto-aggregation ability and most strains were susceptible to all the antibiotics, except for vancomycin; five strains
had no hemolytic activity and all were negative in the gelatinase assay and had no plasmids. Lactobacillus pentosus was added at 6 log CFU/g and did not
significantly affect (P>0.05) the acidification curve of yogurt, in comparison to the control, and despite the significant bactericidal effect (P<0.05) against
Salmonella during fermentation, the pathogen reduction was below 1 log CFU/g.

Significance: Emerging isolates of LAB may aid the dairy industry as bioprotective agents in fermented dairy products.
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T16-08 Improvement Effect of Bioactive Compoundsderived from Bioconversion of Milk by Lactobacillus
Plantarum with Artemisia Herba-Alba extract on Periodontal Inflammation and Diabetes

Sangeun Park’, Jiyeon Baik?, Minkyung Oh', Jung-eun Hwang?, Yohan Yoon* and Kyoung-Hee Choi®
'Sookmyung Women'’s university, Seoul, South Korea, 2Sookmyung University, Seoul, South Korea, 3Sookmyung Women'’s University, Seoul, South Korea,
“Department of Food and Nutrition, Sookmyung Women’s University, Seoul, South Korea, Wonkwang University, Iksan, South Korea

Introduction: Many studies have reported that Artemisia herba-alba is effective on inflammation. However, the effect on periodontal inflammation still
remains unexplored. Periodontal inflammation has been known to have a positive correlation with diabetes.

Purpose: The aim of this study was to investigate the improvement effect of periodontal inflammation and diabetes.

Methods: Milk was fermented by L. plantarum as a control (BM1), and A. herba-alba extracts were added to the milk followed by L. plantarum fermenta-
tion (BM2). Compounds of BM1 and BM2 were compared by HPLC analysis. Among them, compounds increased by the addition of A. herba-alba extracts
were treated on murine macrophage-like cells (RAW264.7) stimulated by Porphyromonas gingivalis-LPS to investigate an alleviation effect of periodontal
inflammation. After 12~24h, the amounts of nitric oxide (NO) and the expression levels of inflammatory cytokines were assessed. To examine their
improvement effect on diabetes, same bioactive compounds as above were treated on human hepatocellular carcinoma cells (HepG2) whose insulin resis-
tance was induced by palmitic acid for 24h. Lipid accumulation in HepG2 cells after being treated with the compounds was observed by Oil-Red O staining
of the cells.

Results: As a result of HPLC analysis, proline and asparagine, which have been known to have anti-inflammatory effects, were significantly increased in
BM2 compared to BM1 (P<0.05). The addition of proline and asparagine to RAW264.7 cells significantly decreased both the amount of NO and the expres-
sion levels of inflammatory cytokines compared to the control (P<0.05). Also, Oil-Red O staining showed that the compounds decreased lipid accumulation
in HepG2 cells.

Significance: These findings suggested that proline and asparagine derived from BM2 can relieve periodontal inflammation and insulin resistance.
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P1-01 1SO 16140-2:2016 Validation of Hygiena® Innovate Rapiscreen™ Dairy System as an Alternative
Method for Commercial Sterility Testing in Nutraceutical Products
Mat Lovesmith' and Bernard Linke?

"Hygiena, Guildford, United Kingdom, 2Hygiena International Ltd., Guildford, United Kingdom

Introduction: The nutraceuticals market is rapidly growing within the healthcare sector and from consumption by an increasingly health-conscious gen-
eral public. Stringent sterility requirements for nutraceutical products consumed by high-risk patients puts more importance on microbial release testing,
requiring commercial sterility testing with long incubation times.

Purpose: This study demonstrates that the Innovate RapiScreen™ Dairy system is suitable for commercial sterility testing in UHT Nutraceutical products
using a validation guided by 1SO16140-2:2016. The 30-minute method enables reduced time to results compared to standard plate-based commercial
sterility testing.

Methods: Microbial cultures were prepared in Tryptic Soy (TSB) or Sabouraud Dextrose (SDB) broth with incubation at 37 °C for 24 hours. Overnight
cultures were heat-shocked at 55 °C for 10 minutes before dilution to the desired spike level in maximum recovery diluent. Organisms were spiked into
product packs (200-500ml) at Low (1-1.5 CFU/pack) and High (5-11 CFU/pack) levels. Spiked and uninoculated product packs were incubated for 14 days at
30 or 55 °C, depending on the tested organism. After incubation, aliquots were tested using Innovate and standard plate media (Tryptic Soy agar, Potato
Dextrose agar, Orange Serum agar). Data from both methods was used to calculate the relative limit of detection (RLOD).

Results: Four organisms grew in the nutraceutical products: Acetobacter aceti, Burkholderia cepacia, Lactobacillus brevis and Saccharomyces cerevisiae. All
four organisms were detectable using Innovate after 14 days incubation with an RLOD of <1 CFU per pack. Four other organisms used in preliminary stud-
ies showed no growth in the nutraceutical products: Bacillus coagulans, Bacillus licheniformis, Geobacillus stearothermophilus and Lactococcus lactis.

Significance: Although nutraceutical products are inhospitable to many microorganisms, those capable of growth (risking spoilage or infection) are
detected by the Innovate RapiScreen method, decreasing the time to results in commercial sterility testing.

P1-02 Five-Log Reduction Times for Pathogenic Escherichia coli with Lactic and Acetic Acid Mixtures in a
Model Vegetable Brine System

Fred Breidt' and Caitlin Skinner?
U.S. Department of Agriculture - ARS, Raleigh, NC, 2USDA Agricultural Research Service, Raleigh, NC

Introduction: Antimicrobial weak acids are produced by heterolactic lactic acid bacteria during kimchi or sauerkraut fermentation; however, little is
known about how mixed acids, pH, and temperature influence bacterial pathogen reduction.

Purpose: To estimate five-log reduction times (FLR) for Escherichia coli O157:H7 strains with mixtures of lactic and acetic acids in a model low-salt vegeta-
ble brine system.

Methods: Buffer models were used to estimate pH and protonated lactic and acetic concentrations in a non-inhibitory cucumber juice (CJ) medium.
Mixed acid treatments (n=84) had selected combinations (0 to 50 mM, pH 3.2 to 4.2) for acid mixtures. Cocktails of four E. coli strains (two independent
replications) at 108 CFU/ml were inoculated into 1.5 ml tubes at 10°C, 20°C, or 30°C in a Peltier heating-cooling block under anaerobic conditions. Cells were
plated for up to 10 days to determine CFU/ml. FLR and pH were analyzed by linear regression with JMP software.

Results: At 10°C there was a linear relationship between FLR and pH (R2=0.93); however, at 20°C or 30°C, FLR values were non-linear with respect to pH
and decreased as temperature increased. At 30°C all acid treatments had FLR of 4 days or less compared to 10 or more days for treatments at 10°C. The
observed pH values for each acid combination in CJ showed an excellent fit to buffer model predictions, with a root mean square error of 0.04 pH units.

All treatments with protonated lactic acid at 10 mM or greater had FLR values of 4 days or less, although some brines containing over 40 mM protonated
acetic acid required 6 days or more at 10°C or 20°C.

Significance: Temperature and lactic acid concentration principally influenced FLR in a CJ model system. These data may help define worst-case scenar-
jo conditions to assure safe production practices for mixed acid fermentations.

P1-03 Combined Effects of Natural Glycolipids, Dimethyldicarbonate, and High-Pressure Processing on
Microbial Spoilage of Orange Juice
Yupawadee Galasong' and Randy Worobo?

"Cornell University, Ithaca, NY, >Cornell University, Geneva, NY

0:0 Developing Scientist Entrant

Introduction: High pressure processing (HPP) is a popular non-thermal processing method to preserve juice quality; however, the effects of HPP cou-
pled with natural glycolipids (NG, Nagardo®) and dimethyl dicarbonate (DMDC, Velcorin®) (HPP+V+N) on juice microbial spoilage has not been investigat-
ed.

Purpose: The study aimed to compare the microbial spoilage of orange juice (OJ) treated with HPP and HPP+V+N to the spoilage of juices treated with
pasteurization (P), and pasteurization coupled with same antimicrobials (P+V+N).

Methods: Pasteurized and unpasteurized OJ from the same batch were obtained from a local facility. Half of pasteurized OJ was supplemented with 30
ppm NG + 238 ppm DMDC (P+V+N). Unpasteurized OJ was subjected to HPP (600 MPa for 180 seconds at 5 °C) and HPP coupled with the 30 ppm NG + 238
ppm DMDC (HPP+V+N). The sampling frequencies for control (unprocessed), HPP and pasteurized samples were two days, two weeks, and three weeks,
respectively. One mL of juice sample was serially diluted and spread on standard plate count (SPC) agar, acidified potato dextrose agar (APDA) for total
yeast and mold count and 3M™ Petrifilm for lactic acid bacteria count. The study was performed using two biological replicates.

Results: The initial microbial load of the unprocessed O) was 4.35+1.23 log CFU/mL. The unprocessed juice spoiled after 6 days, reaching 5.32+0.26 log
CFU/mL. The shelf-life of pasteurized O varied widely, between 42 to 126 days. The shelf-life of P+V+N O) was extended to a minimum of 126 days in both
replicates. HPP extended the shelf-life of fresh OJ to 84 days (0.45+0.21 CFU/mL). NG and DMDC further extended the shelf-life to 126 days after which the
microbial growth was below the detection limit (1 CFU/mL) in HPP+V+N group.

Significance: This study suggested that HPP coupled with glycolipids and dimethyl dicarbonate is a promising hurdle technology in extending juice
microbiological quality.
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P1-04 The Association of High Pressure Processing (HPP) Parameters and Products Characteristics with
Safety Validation Study Outcome
Yupawadee Galasong', Chenhao Qian' and Randy Worobo?

Cornell University, Ithaca, NY, 2Cornell University, Geneva, NY

Introduction: High pressure processing (HPP) treated products are required to demonstrate a five-log reduction of the pertinent microorganism prior to
commercialization. There are currently no standardized processing parameters despite the commercial success of HPP-treated food and beverage.

Purpose: The project aimed to study the associations between HPP processing parameters and product characteristics with respect to the validation
outcome.

Methods: The Cornell HPP Validation Center performed validation studies to confirm if chosen HPP parameters would result in 5-log reductions of
Escherichia coli 0157:H7, Salmonella enterica, and Listeria monocytogenes. Generally, seven-log CFU/ml of 5-strain cocktails of each pathogen is inoculated
in the food/beverage sample which gets processed by the specified pressure, dwell time and temperature. A product passes validation if the chosen HPP
parameters result in at least five-log reduction of the pathogens and no growth over 1 log is observed after 50% beyond the expected shelf-life. Validation
data of food products, along with category, pH, water activity and total soluble solids, from 2017-2021 were anonymized and used to build a generalized
linear model (GLM).

Results: A total of 11 (out of 143) products failed validation for at least one of pathogens, with a mean pH of 5.29, which is 1.84 standard deviation
higher than the pH across all products. Exploratory results from GLM showed that product category (single fruit juice, blended juices, tea, smoothies,
hummus, dips, etc.) is not significantly associated with the validation outcome, suggesting that generalized HPP parameters (minimum 75,000 psi, 60-120 s,
5°C) might be sufficient for acidified foods. pH was shown as the most significant parameter in determining the validation outcome. The coefficient for pH
suggested that an increase of pH by 0.1 will reduce the validation success rate by a factor 0.48.

Significance: The study outcome can facilitate designing the processing parameters with given ingredients and physicochemical characteristics of food
products.

P1-05 Promoting Probiotic Survival Under Harsh pH Conditions during Fresh Juice Storage by
Microencapsulation

Stamatia Vitsou Anastasiou’, Konstantina Stasinou?, Olga Papadopoulou’, Agapi Doulgeraki’, Anthoula A. Argyri', Thomas Moschakis?,
George - John Nychas?, Kostas Koutsoumanis? and Chrysoula Tassou'

Yinstitute of Technology of Agricultural Products, Hellenic Agricultural Organisation - DIMITRA, Lycovrissi, Attica, Greece, 2Laboratory of
Food Microbiology and Hygiene, Department of Food Science and Technology, Aristotle University of Thessaloniki, Thessaloniki, Greece,

3Laboratory of Food Microbiology and Biotechnology, Department of Food Science and Human Nutrition, School of Food and Nutritional
Sciences, Agricultural University of Athens, Athens, Greece

Introduction: Microencapsulation is an efficient method that protects probiotics against external adverse conditions during storage of foods.

Purpose: This work studied the effectiveness of an encapsulation system to increase the survival of a probiotic strain under stress pH conditions during
storage of fresh fruit juice.

Methods: Lactiplantibacillus plantarum 2035 (8 log CFU/mI) was encapsulated in a potato protein and pectin (PP-LMP) coacervate matrix. Then, the en-
capsulated cells were added in fruit juice to study their survival under harsh pH conditions (2.8, 3.0, 3.2, 3.4, 3.6) during storage at 10°C (two batches with
three replicates per batch). Free cells were used as controls.

Results: Results showed that the encapsulated cells exposed to pH 2.8 and 3.0 decreased gradually to reach 5.5 log CFU/mL after 27 days of storage, in
contrast to free cells that had an immediate 2 log reduction and were not detected from the 12" day and onwards. At pH 3.2 and 3.4, both encapsulated
and free cells declined by 2 and 4.5 log CFU/ml, to reach a final population of 6 and 3.5 log CFU/ml respectively after 27 days of storage. At pH 3.6, the en-
capsulated cells showed 1.5 log reduction early at storage (<5 days) and then maintained stable (6.5 log CFU/ml) while the free cells decreased gradually to
reach below the detection limit (<1 log CFU/mlI) at the end of storage. The protective effect of the coacervate was evident since the encapsulated cells were
maintained in high levels (>5.5 log CFU/ml) in all cases of fruit juice storage.

Significance: It can be concluded that the PP-LPM coacervate matrix can be efficient in protecting the encapsulated probiotic cells under stress in a real
food ecosystem.

Acknowledgements: “FUNJUICE” project (T2EDK-01922) is co-financed by the EU and Greek national funds through the Operational Program RE-
SEARCH-CREATE-INNOVATE.

P1-06 Validation of Thermal Inactivation of Enterococcus faecium during Coffee Bean Roasting
Mu Ye', Daniel Lampen', Olivia Arends’, Raghu Ramaswamy? and Eric Ewert’'
'Kraft Heinz Company, Glenview, IL, *Kraft Heinz Co., Warrendale, PA

Introduction: Foodborne outbreaks and thermal tolerance of desiccated forms of foodborne pathogens have increased concerns regarding low mois-
ture foods in the past decades. Coffee beans are associated with a food safety risk due to cultivation practices and post-process harvesting, which can
potentially result in contamination.

Purpose: This purpose of this study was to validate the lethality of the coffee bean roasting process against Enterococcus faecium NRRL B-2354, a Sa/mo-
nella surrogate, widely distributed in nature and known to have resistance to adverse environmental conditions.

Methods: Two types of coffee beans, Robusta and Columbian, were inoculated with Enterococcus faecium NRRL B-2354 at ~108 CFU/g. Inoculated beans
(50 g and 100 g) were mixed with uninoculated beans at 1:9 ratio and portions of 500 g and 1000 g were used in the roasting process. The commercial
scale roasting was conducted using a Probatino coffee roaster with an initial air temperature at 163°C and end temperature at 207°C with a total duration
of 8 to 9 min. E. faecium count was determined by plating serial dilutions onto Trypticase Soy agar and incubated at 35°C for 24 h. The moisture, pH and
water activity of the beans were measured before and after roasting. The samples were treated and tested in triplicates.

Results: In the untreated samples, the population of E. faecium was 7.8 log CFU/g in both bean types. For the roasted samples, there were >6 log CFU/g
reduction of in all coffee bean samples. The roasting process significantly (P < 0.05) reduced the moisture and water activity level in the beans. The mois-
ture of coffee beans dropped from ~10% to ~ 2.5% after roasting and the water activity decreased from ~ 0.60 to ~ 0.25 after roasting.

Significance: This study validated that commercial scale coffee roasting achieved five-log inactivation of E. faecium in coffee beans.

Poster

P1-07 Validation of a Kombucha Tea Recipe for Home Food Preservers

Sitara Cullinan’, Mallika Mahida’, Kris Ingmundson’, Faith Critzer?, Valentina Trinetta® Leonardo Bastos*, Rebecca Hardeman®, Jessica
Moore® and Carla Schwan’

"Department of Nutritional Sciences, University of Georgia, Athens, GA, 2Department of Food Science and Technology, University of Georgia,
Athens, GA, 3Food Science Institute, Kansas State University, Manhattan, KS, *Department of Crop and Soil Sciences, University of Georgia,
Athens, GA, >Cooperative Extension, University of Georgia, Athens, GA

Introduction: The COVID-19 pandemic ignited increased consumer demand for home food preservation methods, underscoring a need for safe, validated
recipes. The National Center for Home Food Preservation observed particular interest in fermented products, including kombucha.

IAFP Annual Meeting Abstracts 87



P1-08 - P1-10

Purpose: Determine optimal sugar concentration for safety by monitoring kombucha pH, titratable acidity of acetic acid (TA), and surrogate pathogen
lethality across the fermentation process.

Methods: Tea samples were prepared with pre-manufactured SCOBY and sugar concentrations of 26 g/L, 53 g/L, or 80 g/L prior to inoculation with
Listeria innocua, Escherichia coli K12, or an avirulent Sa/monella strain. On Day 0, 7, and 14, 20 IL aliquots were collected to determine pH and TA. Additional
10 IL aliquots were collected, followed by serial dilution and plating on MOX (Listeria innocua), MacConkey (E. coli), or XLD (Salmonella) selective media in
duplicate. The treatment design was factorial between days and sugar concentration, and the experimental design was a randomized complete block with
repeated measures and three biological replicates per treatment combination.

Results: Mean log reductions from day 0 to 7 of 4.65+0.29 and 3.76+0.80 log CFU/IL in Listeria innocua and E. coli K12, respectively, were greater relative
to corresponding reductions observed from Day 7 to 14 (P<0.05). Sugar concentrations of 26 g/L and 53 g/L demonstrated greatest lethality against E. coli
K12 and Salmonella (P<0.05). No difference in lethality against Listeria innocua (P=0.05) was observed across sugar concentrations. Total average log reduc-
tions of 5.12+0.01, 4.44+0.92, and 5.35+0.85 log CFU/ml were observed for Listeria innocua, E. coli K12, and Salmonella, respectively. pH decreased from Day
0 to 14 for all treatments (P<0.001), with the lowest pH reaching 3.04+0.20 for Salmonella. TA increased from Day 0 to 14 (P<0.001) for all treatments.

Significance: Microbial validation of recipes is crucial to allowing consumers to safely ferment food at home, preventing foodborne illness.

P1-08 Development of Cereals and Legumes Based Fermented Synbiotic Beverage

Pareshkumar Patel and Arpit Shrivastava
Ganpat University, Mehsana, India

Introduction: Fermented products are one of the ancient and commonly used plant-based health supplements for thousands of years throughout
history.

Purpose: To develop a nutritious cereals and legumes based fermented synbiotic beverage.

Methods: The experimental plan was arranged on three levels that included the optimization of cereals and legumes based medium able to sustain bac-
terial growth based on sensory profiles, inoculated with mixed strains Lactobacillus plantarum and L. caesi and supplemented with inulin or oligofructose
according, which was evaluation of survival growth of probiotic bacteria and physico-chemical parameters along with optimization the sensory charac-
teristics of the mentioned product using adequate flavoring and stabilizers. All experiments were performed in triplicate were carried out and the results
presented as a mean of the three values.

Results: In this research, the physicochemical analysis was done before and after fermentation; there were effective changes observed in the titratable
acidity after fermentation by adding synbiotic mixture. Meanwhile, the titratable acidity value of the fresh sample was 19.8% and after fermentation in-
creased in its value, was observed as 45%. Cereals-legumes based fermented synbiotic beverage was developed to evaluate the combined benefits of the
probiotics L. acidophilus, L. casei and the prebiotic oligofructose. The survival growth of probiotic bacteria was observed by spread plate method and there
was excess growth of probiotic that were too numerous to count. High viable counts are necessary to get the desired acid production and reduction in pH,
which affects the products’ organoleptic properties, its shelf-life, and prevents product contamination.

Significance: Legume and cereal based synbiotic beverage tend to have a higher shelf life, better nutritional composition, and accepted sensory quality.
The blend of the cereal and legume in itself can be a rich source for the growth of probiotics.

P1-09 Change in Fermentation Conditions of Lacto-Fermented Sauerkraut Produced with Various Food
Safety Process Parameters

Julia Fukuba, David Sela, John Gibbons and Amanda Kinchla
Department of Food Science, University of Massachusetts Amherst, Amherst, MA

o%* Developing Scientist Entrant

Introduction: Lacto-fermented foods such as sauerkraut have risen in marketing potential for local food processors, however, safety process parame-
ters and established critical limits that validate process controls during production are limited.

Purpose: This project aims to investigate process parameters such as vessel type, salt concentration and starting pH that may affect the fermentation
conditions of sauerkraut over time.

Methods: Sauerkraut was prepared with 4mm-shredded cabbage pieces and mixed with sea salt for 15 minutes, then filled in fermentation vessels with
saltwater weight bags applied on top of cabbage below brine level and monitored up to fourteen days. This included observing changes in sea salt concen-
tration (0.0, 1.6, 2.4, 3.2, and 6.4%), fermentation vessel type (8-ounce glass and plastic jars), and alternated starting pH using lactic acid powder (5.5, 5.0,
4.5, 4.0). The pH and lactic acid bacteria (LAB) counts were measured with statistical analysis (P<0.05, T-test) to investigate kinetic and microbial community
change over time.

Results: Fermentation vessel type reported that both glass and plastic jars reach significantly below pH 4.6 by Day 5 (3.96 + 0.08 and 4.15 + 0.23 respec-
tively), with less mold contamination observed in glass jar samples. Sauerkraut samples prepared with 1.6, 2.4, and 3.2% salt significantly lowered the pH
by Day 5 (4.55 + 0.12, 4.60 + 0.11 and 4.45 + 0.16 respectively) compared to the other concentrations. LAB counts significantly increased by 10 log for 1.6
and 2.4% salt sauerkraut after 36 hours of fermentation. Compared to the control (pH>5.5), samples with starting pH 5.0 and 4.5 had a significant increase
of LAB counts by Day 2 (four-log increase).

Significance: |dentifying the safety parameters that contribute to producing microbial-safe lacto-fermented sauerkraut (in which the pH is reduced
below 4.6 to monitor the pathogen growth threshold) can help provide process controls and subsequent technical support for food processors.

P1-10 The Out-of-Pack Challenge and Screening Testing of 5 Acidic Condiments Using a Panel of Spoilage
Bacteria and Yeast on Innovate System
Lukas Kemp', Romei Velasco', Shreya Datta' and Paul Meighan?

"Hygiena, Camarillo, CA, 2Hygiena, Guildford, United Kingdom

Introduction: Condiment testing in-the-pack is a slow process due to low pH, high sugar, and salt concentrations. This study presents an out-of-pack
method for the detection of spiked organisms in 24 hours using the Innovate System.

Purpose: To demonstrate the detection of spoilage bacteria and yeast using enrichment in 3 selective media: TSB, MRS and PDB.

Methods: 7 condiments-Mayonnaise, Hot Sauce 1 and 2, BBQ sauce, English Mustard, Dijon Mustard, and Thousand Island-were diluted into TSB,

MRS and PDB at 1:10 dilution. Each of the product was tested in triplicate. Organisms were spiked and incubated as follows: Bacillus cereus and E.coli with
product diluted with TSB and incubated at 35°C, Lactobacillus fermentum and Lactobacillus brevis tested with product diluted with MRS at 37°C, and Sac-
charomyces cerevisiae and Zygosaccharomyces bailli tested with product diluted with PDB at 30°C. Following incubation, the spiked products were tested on
the Innovate System and plated on standard agar plates at 24h, 36h and 72h, respectively. The probability of detection was confirmed by comparing the
positives on Innovate with corresponding growth of spiked bacteria on standard agar plates.

Results: In Mayonnaise, all organisms were detected at 24 hours except for Zygosaccharomyces. In Hot Sauce 1 and 2, B. cereus and E. coli were not
detected, L. fermentum detected at 48 hours, L. brevis at 24 hours, Saccharomyces and Zygosaccharomyces at 24 hours. In BBQ sauce, all organisms were
detected at 24 hours. In English Mustard, B. cereus, E. coli and Zygosaccharomyces were not detected, L. fermentum and brevis were detected at 24 hours. In
Dijon Mustard, B. cereus and E. coli at 48 hours, L. fermentum and brevis at 24 hours, Saccharomyces and Zygosaccharomyces were not detected. In Thousand
Island, all organisms were detected at 24 hours.

Significance: The rapid detection by an out-of-pack dilution in selective media followed by ATP measurements on the Innovate System will detect spoil-
age organisms more effectively in condiment products.
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P1-11 Multistate Outbreak of Shiga Toxin-Producing Escherichia coli 0121 Infections Linked to Frozen
Falafel Consumption

Brooke Whitney', Monica McClure’, Zachary McCormic?, Daniela Schoelen’, Lauren Edwards?, Danielle Donovan*, Zach Ellison?, Sybil
Masse? and Alvin Crosby®

U.S. Food and Drug Administration, College Park, MD, 2U.S. Centers for Disease Control and Prevention, Atlanta, GA, 3Michigan Department
of Agriculture and Rural Development, Lansing, Mi, *“Michigan Dept of Health and Human Services, Div. of Communicable Disease, Lansing,

MI, >U.S. Food and Drug Administration - Center for Food Safety and Applied Nutrition, Coordinated Outbreak Response and Evaluation
Network, College Park, MD

Introduction: In 2022, an outbreak of Shiga toxin-producing Escherichia coli (STEC) 0121 infections was identified; epidemiologic exposure evidence
indicated frozen falafel was the likely source.

Purpose: To identify the potential source of and possible contributing factors to the contamination and prevent additional ilinesses.

Methods: llinesses were identified through PulseNet, and ill people were interviewed using standard food questionnaires. State and FDA laboratories
used FDA BAM methods to recover E. coli 0121 from frozen falafel and ingredient samples. State and federal officials collected records to determine the
sources of ingredients and product processing. FDA's Coordinated Outbreak Response and Evaluation Network operated according to ICS principles and
internal procedures to engage investigational partners.

Results: We identified 24 ilinesses from 6 states: FL (2), IA (2), KS, MI (13), OH, WI (5). Clinical isolation dates ranged from July 24 to October 26, 2022.
The manufacturing firm issued a recall on December 7, 2022, within 24 hours of learning about the associated illnesses. FDA collected 14 samples: three
ingredients, including ground coriander, dill, and red pepper, and 11 finished product samples. State partners in Michigan and Ohio collected product
samples from ill persons’ homes. An open product sample collected by Michigan state partners yielded the outbreak strain by whole genome sequencing.
The chickpeas used to manufacture the product were supplied as a raw agricultural ingredient. The manufacturer par-fried the product but did not sell it
as ready-to-eat (RTE) and included cooking instructions to heat to 165F.

Significance: This outbreak is an example of a non-traditional product associated with STEC ilinesses. Producers of non-RTE foods may wish to examine
their processes and determine if there is opportunity to implement additional microbial control measures, even when products are labeled with clear
cooking instructions. Opportunities exist to remind consumers to follow instructions provided on packages, even when products appear cooked.

P1-12 Prevalence and Genomic Characteristics of Listeria monocytogenes Isolated from Ice Cream and
Associated Processing Environment in Hunan, China
Lang Sun' and Huayun Jia?

'Central South University, Changsha, China, >Hunan Provincial Center for Disease Control and Prevention, Changsha, China

Introduction: A series of ice cream outbreaks associated with listeria contamination have been reported in recent years. Food processing environment
can be the fundamental source of pathogen contamination. However, the incidence of Listeria monocytogenes in ice cream processing environments and
the routes of pathogen transmission are not clear.

Purpose: This study aimed to investigate the prevalence of L. monocytogenes in ice cream processing plants and determine their genomic characteristics.

Methods: Two ice cream factories in Hunan were included for two consecutive years. Food samples (25 g), including milk powder, maltodextrin, sugar,
fructose syrup, cream, production water, intermediate products, and finished products, were collected. Environmental samples were collected in the
pre-treatment area, the filling area, and the product packaging area, including surfaces, equipment, and personnel. Collected samples were enriched for
L. monocytogenes isolation and whole genome sequencing. Reads were analyzed in silico regarding their antibiotic resistance potential, virulence potential,
and phylogenetic distances.

Results: Among the 353 collected samples, L. monocytogenes was detected in 2 out of 21 (9.52%) food samples and was prevalent across the processing
environment (pre-treatment area: 7.55%, filling area: 18.05%, product packaging area: 8.6%). Virulence genes (e.g., prfA, plcA, hly, mpl, actA, plcB, inlA, inIB,
inlC, inlE, inlF, inlH, inlJ, and inlK) were present in all isolates, and antibiotic-resistant genes (e.g., vancomycin) were also present in select isolates. Strains
isolated from the same factory exhibited a closer phylogeny. Zero to two single nucleotide polymorphisms (SNPs) of L. monocytogenes genomes were
found among samples of floors, worker shoes, and cartwheels, suggesting a close association between these samples. In the meanwhile, the high similarity
between isolates in different years indicated potential L. monocytogenes persisters.

Significance: These data demonstrated that L. monocytogenes were prevalent in ice cream processing environments and had the potential to contami-
nate food and cause foodborne diseases.

P1-13 Investigation of Salmonella Prevalence and Quantification in Market Hog Lymph Nodes

Erin Fashenpour’, David A. Vargas? Gabriela K. Betancourt-Barszcz?, Sabrina E. Blandon?, Marcos Sanchez Plata?, Mindy Brashears?,
Markus F. Miller?, Qing Kang’', Valentina Trinetta’, Jessie Vipham', Randall Phebus? and Sara Gragg'

"Kansas State University, Manhattan, KS, >Texas Tech University, Lubbock, TX, 3Kansas State University/FSI, Manhattan, KS

Poster

0:0 Developing Scientist Entrant

Introduction: Salmonella contamination in market hog lymph nodes (LNs) can contaminate carcasses, as well as ground and comminuted pork meat
products; therefore, a quali- and quantitative evaluation of LNs from several regions of the US can provide insight into Sa/lmonella prevalence, concentra-
tion, and distribution during different seasons.

Purpose: This study was conducted to identify high risk LNs in market hog carcasses and investigate regional and seasonal variability of Salmonella in
market hog LNs.

Methods: Market hog LNs were collected (N=4,132) from commercial pork abattoirs from 3 regions (east, central, and west), during 3 seasons (winter,
spring, and fall). From 31~35 carcasses, mesenteric, subiliac, superficial inguinal, pre-scapular, axillary, and tracheobronchial LN, as well as tonsils were col-
lected. Samples were trimmed, weighed, boiled, pulverized, and enriched with BAX® MP media. Sa/monella was enumerated using BAX® System SalQuant®
at 6 hours of incubation, and detected after 24 hours of enrichment. Prevalence and concentration data of mesenteric LN and tonsils were analyzed using
the logit linear mixed model and lognormal accelerated failure time model, respectively; prevalence data of all other LN types were analyzed separately.

Results: Overall Salmonella prevalence was 36% for tonsils, 35% for mesenteric LN, and <10% for all other LNs. Season was significant for inguinal
(P=0.008), subiliac (P=0.025), and pre-scapular (P=0.022) LNs, with winter prevalence (P<0.05) lower than spring (subiliac) or spring and fall (inguinal and
pre-scapular). Region was significant for subiliac (P<0.001) and pre-scapular (P<0.001) LNs, with the eastern prevalence higher (P<0.05) than western and
central for both LNs. Season-by-region interaction for Salmonella concentration was detected in mesenteric LN (P=0.014) and tonsils (P=0.031).

Significance: Salmonella prevalence varied by region and season for some market hog LNs, with tonsils and mesenteric LNs harboring the highest prev-
alence and largest concentrations. These data can be used by commercial pork abattoirs when assessing risk.

IAFP Annual Meeting Abstracts 89



P1-14- P1-16

P1-14 Investigation into Online Reports of Adverse Reactions to Consuming a Ketogenic Meal

Replacement Drink

Erin Jenkins', Sharon Seelman?, Tyann Blessington', Andrew Karasick?, Cecile Punzalan?, Troy Hubbard* and Alvin Crosby'
U.S. Food and Drug Administration - Center for Food Safety and Applied Nutrition, Coordinated Outbreak Response and Evaluation Network,
College Park, MD, ?U.S. Food and Drug Administration - Center for Food Safety and Applied Nutrition, Coordinated Outbreak Response and
Evaluation Network, College Park, MD, 3U.S. Food and Drug Administration-Center for Food Safety and Applied Nutrition, Office of Analytics

and Outreach, College Park, MD, “U.S. Food and Drug Administration - Center for Food Safety and Applied Nutrition, Office of Food Additive
Safety, College Park, MD

Introduction: Traditional foodborne outbreak investigations conducted by the US Food and Drug Administration (FDA) rely on cluster detection through
laboratory surveillance systems and gathering of epidemiologic information. This provides highly accurate information but has lag times of several weeks.
Some have proposed augmenting with information from novel online data streams such as social media to reduce lag times. Such novel data was used to
investigate a meal replacement drink in 2022.

Purpose: Review FDA investigation, initiated in response to online food safety complaints, of Brand X ketogenic meal replacement drinks sold by Retailer
A.

Methods: Data from FDA complaints, iwaspoisoned.com (IWP), and online reviews from Retailer A's website were retrieved for Brand X ketogenic drink,
reviewed and self-reported symptoms summarized. Complaint volume was compared to Brand Y ketogenic drink, which had similar composition. Brand
X product samples were collected, two from retail and one from a consumer’s home; samples were screened for poisons/toxins, rancidity, medium chain
triglyceride oil (MCT) levels and nutrient analysis.

Results: A total of 93 complaints were reviewed: FDA (6), IWP (34), online reviews (54); there was one known duplicate between IWP and FDA. Of these,
82% reported stomach/abdominal pain/cramps, 48% nausea, 23% vomiting, 24% diarrhea, 54% >1 symptom, 54% rapid onset (<30 minutes). No etiologic
agent was identified. For Brand Y ketogenic drinks, 0 complaints were found in IWP and 1 in FDA systems. Testing results were negative for toxins and
rancidity; MCT and nutrient analysis were consistent with package labeling. Communication with Retailer A revealed Brand X keto drinks were already
discontinued; after, Retailer A made product in stores unavailable for purchase. A dearth of clinical validation and product information posed challenges
during the investigation.

Significance: Novel data sources may help bring food safety issues to light but pose challenges regarding quality and actionability.

P1-15 Characterizing Possible Disparities in the Incidence of Salmonellosis in the United States By
Urbanicity and Community-Level Social Determinants of Health

Daniel Weller, Reese Tierney, Beau B. Bruce and Erica Billig Rose
U.S. Centers for Disease Control and Prevention, Atlanta, GA

Introduction: Understanding differences in salmonellosis burden among different populations in the United States is useful for developing effective,
equitable prevention programs.

Purpose: To identify potential disparities in salmonellosis incidence between counties with different SDOH profiles.

Methods: Using nationwide data from the Laboratory-based Enteric Disease Surveillance System from 1996 to 2018, we calculated age-adjusted coun-
ty-level salmonellosis incidence (per 100,000 people) and linked county-level data from federal and non-profit sources on social determinants of health
(SDOH; e.g., urbanicity, food environment [FEI]). Continuous variables were categorized into quintiles (Q), with Q1 representing counties experiencing the
least and Q5 the most disadvantage. Differences in geometric mean (dGM) incidence between Q4 and Q2 were calculated. Incidence was stratified by
SDOH alone and by SDOH and urbanicity. A positive difference indicated a possible disparity.

Results: Incidence was higher in large urban (GM=8.0; 95% confidence interval [CI]=7.6 to 8.5) and suburban counties (GM=7.3; CI=7.1 to 7.5) than rural
counties (GM=3.3; CI=3.2 to 3.4). Counties with an index representing a high percentage of the population that identified as a racial or ethnic minority
group or spoke English less than well had a higher incidence than those with a low percentage (dGM=2.1; CI=2.11 to 2.14). Differences were also observed
among counties when stratified by FEI (dGM=0.6; CI=0.58 to 0.55), food insecurity (dGM=0.4; CI=0.43 to 0.45), and the percentage of the population without
access to a car (dGM=1.5; CI=1.47 to 1.50). For some SDOH, disparities were only observed when incidence was also stratified by urbanicity.

Significance: Our analysis suggests that salmonellosis differentially affects persons in counties with populations that differ in SDOH profiles. These
findings provide insights that can guide follow-on, quantitative studies, and develop population-specific prevention efforts.

P1-16 Relationship between Extreme Precipitation and Emergency Department Visits for Acute
Gastrointestinal lliness in Toronto, Ontario, 2012-2022

Crystal Ethan’, J. Johanna Sanchez', Lauren Grant?, Jordan Tustin' and lan Young'
Toronto Metropolitan University, Toronto, ON, Canada, *University of Guelph, Guelph, ON, Canada

Introduction: Climate change is expected to increase the frequency and intensity of extreme precipitation events in Canada. These events can cause
stormwater and sewage overflow events, flooding, and power outages, increasing population exposures to enteric pathogens from contaminated water
and food.

Purpose: This study aimed to investigate the relationship between historical precipitation patterns and emergency department visits for acute gastroin-
testinal illness outcomes in Toronto over a 10-year period.

Methods: Distributed lag non-linear models were constructed with an overdispersed Poisson distribution. Extreme precipitation, defined as 95" percen-
tile or higher mm of rainfall, was modelled as a 21-day lagged linear threshold. Models controlled for average temperature, day of the week, holidays, the
COVID-19 pandemic period, season, the number of days with zero rainfall in the prior 30-day period, and time as confounding variables. A season-specific
analysis was also conducted.

Results: Precipitation over the study timeframe ranged from 0 to 126 mm per day (median=0, 95" percentile=12.8, IQR=1.4). Gastrointestinal illness
visits ranged from 12 to 180 per day (median=61, IQR=30). A 10-mm increase in precipitation above the 95" percentile had no significant relationship at
lags of up to 15 days, and a slight negative relationship at lags of 17 to 20 days. However, when stratified by season, a significant positive relationship
was found during the spring (Mar to May) at lags of 4 to 19 days, peaking at a lag of 11 days (incidence rate ratio [IRR] = 1.034, 95% Cl: 1.013, 1.054). The
overall cumulative effect across the 21-day lag period was also significant (IRR=1.760, 95% CI:1.318, 2.352). No clear relationships were identified for other
seasons.

Significance: Extreme precipitation was associated with subsequent increases in emergency department visits in Toronto for acute gastrointestinal
iliness during the spring, suggesting possible enteric pathogen exposures through water, food, or other environmental pathways.
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P1-17 Evaluation of Food Consumption Habits and Hygiene Practices in Consumers from Querétaro,
Mexico, during the First Year of the COVID-19 Pandemic

Maria Marlen Jiménez-Ortiz', Daniela Haydeé Enriquez-Martinez', M. Liceth Cuellar-Nufiez', Guadalupe Zaldivar Lelo de Larrea’,
Montserrat Hernandez-Iturriaga? and Angélica Godinez-Oviedo?

"Universidad Auténoma de Querétaro, Queretaro, QA, Mexico, 2Universidad Auténoma de Querétaro, Querétaro, QA, Mexico

Introduction: During the pandemic, the security measures implemented led to a change in food consumer behavior which could have implications for
Public Health.

Purpose: To evaluate food consumption habits and hygiene practices in food handling before and during the first year of the COVID-19 pandemic
among consumers in Querétaro, Mexico

Methods: An online survey was conducted among the population of Querétaro, Mexico. The questionnaire was divided into four sections: 1) general
characteristics (sex, age, education, and economic level); 2) consumption habits (home food consumption, street food consumption, food delivery, specific
foods consumption frequency, etc.); 3)handling practices (hand-washing frequency, food packaging cleaning, and sanitizing frequency), and 4) health and
food (suffering from gastrointestinal and chronic degenerative diseases).

Results: A total of 304 surveys were analyzed. The food consumption frequency of sweetened beverages, junk food, and alcoholic beverages increased
during the first year of the pandemic, increasing from 18.4%, 13.2%, and 2.6% to 36.8%, 22.7%, and 10.2%, respectively, respectively. Before the COVID-19
pandemic, 54.3 % and 77.6 % always washed and disinfecting their hands before eating, while during the pandemic, the percentage increased to 77.6 %
and 58.2%, respectively. Half of consumers mentioned that increase the consumption of unhealthy foods, while the other half of healthy foods. The 53.6%
of the responders increased their weight, 19.1% developed a gastrointestinal disease, and 11.8 % a chronic degenerative disease.

Significance: Learning about the changes in food consumption habits and handling practices during the first year COVID-19 pandemic helped to under-
stand its implications on public Health

P1-18 Wastewater-Based Epidemiology for Detection of Foodborne Disease

Hailey M. Davidson, William A. Botschner, Valeria R. Parreira and Lawrence Goodridge
Canadian Research Institute for Food Safety (CRIFS), University of Guelph, Guelph, ON, Canada

Introduction: Current foodborne outbreak detection relies on sick people to seek medical help, delaying foodborne outbreak detection and case report-
ing.

Purpose: An investigation of wastewater-based epidemiology (WBE) for surveillance of six foodborne bacterial pathogens as a first step in the develop-
ment of a new, active surveillance system.

Methods: Weekly wastewater samples were collected from the city of Guelph (Ontario, Canada) Wastewater Treatment Plant from June 2021-June 2022.
Five hundred milliliters of each sample was pumped (average flow rate: 60 mL/min) through a disposable K-Cup paper filter that was housed in a 3D-print-
ed cartridge. Next, DNA was extracted from the retentate using the DNEasy Blood and Tissue kit (Qiagen). Samples were analyzed by quantitative real-time
polymerase chain reaction using SureTect RT-PCR Assays (ThermoFisher Scientific) for Salmonella spp., Escherichia coli (Shiga-toxin producing E. coli (STEC)
and E. coli 0157:H7), Campylobacter spp., Vibrio vulnificus, Vibrio parahaemolyticus, and Listeria monocytogenes. Concentration threshold (Ct) values below
40 were considered positive. Laboratory-confirmed enteric case data was obtained from the Wellington-Dufferin-Guelph Public Health Unit (WDGPHU) for
analysis.

Results: Weekly wastewater samples yielded positive results with varying concentrations for Sa/monella spp., STEC, and L. monocytogenes, which were
plotted using scatterplots. The scatterplots were overlayed with case data. For both STEC and L. monocytogenes, less than 5 cases were reported in Guelph
over the study period, and no relationship between the wastewater signal and cases were observed. A peak in Sa/monella spp. concentration in wastewater
was observed between December 10, 2021 and January 31, 2022, which immediately preceded a rise in salmonellosis cases from January 2022 to March
2022. Based on this result, the limit of detection of WBE was determined to be between 1.5 and 2.75 cases/100,000 people for Salmonella.

Significance: WBE appears able to detect outbreaks of foodborne bacterial pathogens when sufficient numbers of people are infected.

P1-19 Wastewater-Based Epidemiology of Providencia Rettgeri

William A. Botschner, Hailey M. Davidson, Opeyemi Lawal, Valeria R. Parreira and Lawrence Goodridge
Canadian Research Institute for Food Safety (CRIFS), University of Guelph, Guelph, ON, Canada

* Undergraduate Student Award Entrant

Introduction: Providencia rettgeri is associated with traveller's diarrhea and has been isolated from meat samples in several Asian countries, suggesting
meat as a potential vehicle for contamination. Wastewater-based epidemiology is an emerging approach for surveillance of both common and uncommon
foodborne pathogens.

Purpose: To investigate the utility of wastewater-based epidemiology (WBE) for genomic surveillance of Providencia rettgeri.

Methods: Wastewater samples were collected from the city of Guelph (Ontario, Canada) wastewater treatment plant. Each sample (500 mL) was
pumped (average flow rate: 60 mL/min) through a disposable K-Cup paper filter that was housed in a 3D-printed cartridge. The retentate was enriched in 5
mL tryptic soy broth and plated onto thiosulfate-citrate-bile salts-sucrose agar and incubated at 37 °C overnight. Several isolated colonies with typical mor-
phology were picked and DNA was extracted using the DNEasy Blood and Tissue kit (Qiagen). DNA libraries were prepared using the lllumina DNA prep
Tagmentation and IDT for Illumina DNA/RNA UD Indexes. Paired end (2 x 150 bp) sequencing was performed on the lllumina MiniSeq system. Trimmed
reads were assembled de novo using Skesa v2.4.0. From the draft genomes, the mobilomes, (MOB-suite v3.1 and Virsorter2 v2.2.3), resistomes (CARD) and
virulomes (VFDB) were determined. The phylogeny and the genetic relatedness between isolates and those in public database were inferred using SNIPPY
v4.6, and IQtree.

Results: Five P. rettgeri isolates were sequenced. The genomes’ size ranged from 4.17 mb to 4.35 mb. No antibiotic resistance, virulence genes or plas-
mids were observed in the genomes. A SNP-based phylogenetic tree of 184 P. rettgeri genomes (from NCBI) from 10 different animal hosts was construct-
ed, and all P. rettgeri strains isolated from wastewater were nested within the same clade together with isolates recovered from human urine.

Significance: WBE is a useful approach for genomic surveillance of emerged and emerging foodborne pathogens.

Poster

P1-20 The Development of an Egg-Specific Targeted Mass Spectrometry Method: Target Peptide
Refinement

Liyun Zhang, Philip Johnson and Melanie Downs
University of Nebraska-Lincoln, Lincoln, NE

+%* Developing Scientist Entrant

Introduction: The detection of egg residues in processed food products is a critical challenge for food allergen management. Parallel reaction monitor-
ing (PRM) is a mass spectrometry (MS) method and can potentially detect and quantify low levels of egg protein in processed foods.

Purpose: This study aims to refine peptide targets that detect egg protein in four processed food matrices (sugar cookies, pie crust, pasta, and ice
cream).

Methods: Protein was extracted from whole egg powder (WEP) and the four matrices (blank and incurred with 10,000 ppm WEP), followed by trypsin
digestion and clean-up. Previous non-targeted MS work identified 88 WEP-specific candidate peptides in the four incurred matrices using standard discov-
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ery proteomics identification software (PEAKS Studio v8.5). A targeted PRM-MS method was generated with a scheduled inclusion list. Candidate peptides
were screened in serially diluted food and WEP samples (n=4) (equivalent to 250, 500, 750, and 1000 ppm WEP). PRM results were analyzed in Skyline. A
refinement process was conducted to select robust target peptides.

Results: The peptide selection criteria developed for application across all food matrices included the following performance metrics: correlation of
relative product ion intensities to library spectra obtained from non-targeted MS analysis (Skyline dotp value = 0.75), signal quality (at least three product
jons detected), peak shape (by manual evaluation of concurrent product ions) and peak area (sum of top 3 product ions). Based on targeted MS data, 11
WEP-specific peptides performing well against the criteria were selected for the four matrices (7 in cookies, 5 in pie crust, 7 in pasta, and 8 in ice cream).
These peptides originate from egg white proteins (6 peptides), egg yolk proteins (4 peptides), and apovitellenin-1 (1 peptide).

Significance: This study identified 11 multi-food applicable WEP-specific peptides that can be used in a sensitive targeted MS detection method.

P1-21 Development and Evaluation of a Real-Time PCR Assay for the Detection of Bovine Milk in Foods
Sarah Stadig' and Anne Eischeid?
"U.S. Food and Drug Administration, College Park, MD, 2U.S. FDA, College Park, MD

Introduction: The Food Allergen Labeling and Consumer Protection Act lists milk as a major food allergen in the United States. This assay is designed
and optimized to detect bovine milk in complex food matrices.

Purpose: To design and validate a species-specific, real-time PCR assay to detect and distinguish bovine milk in complex food matrices.

Methods: A species-specific primer/probe set was designed for the COI mitochondrial gene target for Bos taurus (domestic cow). Cross-reactivity was
tested against several species including pork, chicken, bison, water buffalo, camel, goat, and sheep. Modifications to the primer and probe set were made
to eliminate cross-reactivity, particularly with bison and water buffalo. PCR conditions were optimized, and bovine milk DNA was tested for detection and
assay efficiency with known concentrations.

Results: Efficiency tests of the assay in buffer with beef and milk DNA have shown good linearity with R?values of 0.99. The range of detection for
milk and beef DNA in buffer is 10 fg/pL to 1 ng/pL. LOD is approximately 10 fg for both milk and beef DNA. Based on previous studies, LOD, range and
efficiency are expected to be maintained when spiked into complex food matrices. There is no cross-reactivity with other common species that produce
commercial dairy products.

Significance: While ELISA kits are the most commonly used detection method for allergens, they typically cannot distinguish between closely related
species of the allergen. This work validates a method to detect and distinguish bovine milk in commercial food products and also demonstrates the speci-
ficity and sensitivity of the assay given its ability to detect small quantities of total DNA in milk products.

P1-22 Are Vegan Products Safe for Consumers Allergic to Eggs and/or Milk?
Kamila Lizee', Silvia Dominguez? Jérémie Théolier? and Samuel Godefroy’

Vinstitute of Nutrition and Functional Foods, University Laval, Quebec, QC, Canada, 2University of Laval, Department of Food Science, Faculty
of Agriculture and Food Sciences, Quebec, QC, Canada

0:0 Developing Scientist Entrant

Introduction: Allergic consumers use ingredients lists and food labels to inform their purchasing decisions and avoid allergens. The availability of vegan
food products is on the rise and may be perceived as a safe alternative by consumers allergic to animal proteins.

Purpose: This research aims to determine if vegan and other food labels indicating the absence of animal-derived ingredients are suitable safety indica-
tors for egg and milk-allergic consumers.

Methods: A total of 128 products of 85 brands with “vegan”, “plant-based”, “dairy-free” and/or “egg-free” labels were purchased from 3 retailers in Que-
bec, Canada. A minimum of three samples were selected from each of the main food categories that included the targeted labels (i.e., baked goods; meat,
egg, and dairy alternatives; crackers; cookies; sauces; dark chocolates; soups; and ready-to-eat meals). Among these, products with precautionary allergen
labelling for egg and/or milk were purposely selected. One-gram homogenized samples were analyzed to quantify milk (n=92) and egg (n=68) protein con-
centrations with sandwich-type ELISA kits (RIDASCREEN FAST Milk and RIDASCREEN Fast Ei/Egg protein, R-Biopharm) in duplicates. Samples with concentra-
tions greater than the limits of quantification (LOQ = 2.5 ppm for milk protein and 0.5 ppm for whole egg powder) were considered positive.

Results: Milk proteins were not detected in 95% (87/92) of the samples tested. Samples where milk proteins were detected included dark chocolates
(n=4; > 67 ppm, 1 brand) and baked goods (n=1; 2.59 ppm, 1 brand). Egg proteins were not detected in any (68/68) of the samples analyzed.

Significance: These results suggest that, under current manufacturing practices, vegan and similar labels may be used by egg and milk-allergic consum-
ers in Quebec to guide prepackaged food purchasing decisions. However, establishing specific requirements for the use of these labels by food manufac-
turers would be needed to ensure the safety of consumers allergic to animal proteins.

P1-23 Determination of Indicative Levels for Precautionary Allergen Labeling (PAL)

Simon Flanagan', Ana V Legorreta Sianez?, Karen Watanabe3, Aparna Malic4, Marta Palac® and Kelly Poltrok-Germain®
"Mondelez International, Inc, Reading, United Kingdom, ?Mondelez International, Toronto, ON, Canada, 3Mondelez International, Curitiba,
Brazil, *Mondelez International, Thane, India, SMondelez International, Wroclaw, Poland, *Mondelez International, East Hanover, NJ

Introduction: Precautionary Allergen Labeling (PAL) is voluntarily used to address the unavoidable presence of allergens in food; however, there are no
internationally agreed lower or upper action levels to determine ‘when’ and ‘when not’ to apply PAL.

Purpose: This project aimed to develop indicative levels; that is, the maximum allergen carry-over level in a product with a PAL for a given allergen to
prevent serious reactions in consumers.

Methods: Carry-over levels were determined after a standard allergen cleaning in difficult-to-clean product categories at 12 chocolate plants and 8
biscuit plants across Europe. Worst-case scenario, and homogeneous and heterogeneous carry-over scenarios were evaluated. Product samples were
collected at pre-determined time points to be analyzed using quantitative ELISA methods. The level to ensure consumer protection was established by
comparison to threshold distribution curves, data modeling based on consumption of the 95th percentile, probabilistic modelling, literature revision and
consumer surveys.

Results: The data for chocolate plants followed a consistent pattern with medium to high allergen levels detected in the first minutes that fell off sharply
in a short time. Except for two out of the 12 chocolate sites, the levels detected at t, were generally less than 200mg/kg. The data generated from the bis-
cuit sites showed a similar pattern of rapid decrease over time for all the allergens; however, levels were generally lower. Milligram doses for each allergen
based on these data were compared to threshold distribution curves (mg protein) and to a probabilistic model that considered prevalence data as well as
consumer avoidance data for products with PAL. Taking a conservative approach while considering the probabilistic modelling and the results from the
plant studies, indicative levels for the individual allergens were set between ED and ED, .

Significance: This approach gives a scientifically defensible basis to PAL and allows for a higher standard to protect allergic consumers.

92 IAFP Annual Meeting Abstracts



P1-24 - P1-27

P1-24 Droplet Digital PCR for Detection of Allergenic Peanut in Food Ingredients

Anne Eischeid
U.S. FDA, College Park, MD

Introduction: Detection of food allergens requires analytical methods which are highly sensitive and specific. PCR-based techniques have proven to be
robust for detection of allergenic foods in a variety of matrices, and they do not suffer the same drawbacks as antibody-based detection methods.

Purpose: The purpose of this work was to evaluate droplet digital PCR (ddPCR) for detection of peanut, a major food allergen, in food ingredients and
compare its performance to that of real time PCR.

Methods: Experiments were conducted using three food ingredients, chickpea flour, cocoa powder, and garlic powder, which are known to be challeng-
ing and have presented peanut contamination concerns in the past. Whole peanut was spiked into each ingredient at 0.1, 1, 10, 100, 1000, 104 and 10° mg
peanut per kg food matrix (mg/kg, or ppm). Samples were homogenized and total DNA was extracted using a commercial plant DNA extraction kit. Real
time and droplet digital PCR were conducted using an assay which targets three different peanut-specific regions in the chloroplast genome (matk, rpl16,
and trnH-psbA spacer).

Results: Droplet digital PCR was more precise than real time PCR both between and within targets. ddPCR had a quantitative range of 1 to 10* ppm with
relative standard deviations (RSD) less than 25% for all three peanut targets. Real time PCR had lower limits of quantitation at 10 to 100 ppm, depending
on target, and a linear range up to 10° ppm. Both methods had lower limits of detection at 0.1 ppm.

Significance: This work has shown that the latest generation of PCR technology, droplet digital PCR, is effective for detection of allergenic foods at trace
levels. It has greater precision than real time PCR and can therefore enhance the reliability of allergen detection.

P1-25 Polymerization-Mediated Amplification in a Sandwich Immunoassay for Protein Detection

Shanna Marie Alonzo and Peng He
North Carolina Agricultural and Technical State University, Greensboro, NC

o%* Developing Scientist Entrant

Introduction: Peanut allergy is one of the most prevalent, long-lasting, and severe food allergies caused by a type | hypersensitivity reaction to immune
system.

Purpose: The goal of this research is to develop a biosensing-based, simple, robust, inexpensive, rapid, and sensitive peanut allergen d