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Introduction
The Center for Food Safety and Applied Nutrition, known as CFSAN, is one of six productoriented centers, in addition to a nationwide field force, that carry out the mission of the Food
and Drug Administration (FDA). FDA is a scientific regulatory agency responsible for the safety
of the nation's domestically produced and imported foods, cosmetics, drugs, biologics, medical
devices, and radiological products. CFSAN has the responsibility for ensuring that the United
States food supply is safe, secure, sanitary, and properly labeled, as well as ensuring the safety
and proper labeling of dietary supplements and cosmetic products. To help accomplish these
goals, CFSAN recognizes the value of fostering collaborations with external partners to leverage
research and regulatory resources in support of our science and capacity building activities.
These partnerships assist the FDA in fulfilling its public health mission and in expanding the
science base upon which future regulatory programs are developed.
CFSAN’s Centers of Excellence (COE) program is one of several approaches CFSAN uses to
collaborate with external partners to fulfill its public health mission. The COE program consists
of formal partnerships with four academic institutions and provides opportunities to build
diversified channels for infusing innovative ideas and knowledge, encourages dialogue among
government, academia and industry, and develops novel approaches to solve complex food
safety issues. COEs also partner and collaborate with other domestic and international
organizations to conduct food safety research and capacity building. This collaboration leverages
CFSAN’s resources and enhances our ability to ensure public health. It also allows CFSAN to
reach a larger portion of the global food safety community. CFSAN currently supports four
COEs: 1) the Joint Institute for Food Safety and Applied Nutrition (JIFSAN) at the University of
Maryland, College Park; 2) the Institute for Food Safety and Health (IFSH)/National Center for
Food Safety and Technology (NCFST) at the Illinois Institute of Technology; 3) the Western
Center for Food Safety (WCFS) at the University of California, Davis; and 4) the National
Center for Natural Products Research (NCNPR) at the University of Mississippi, Oxford.
This report highlights selected research and capacity building efforts conducted by the COEs
during the Cooperative Agreement budget period of September 1, 2021, to August 31, 2022.
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Joint Institute for Food Safety and Applied Nutrition (JIFSAN) University of Maryland, College Park
The Joint Institute for Food Safety and Applied Nutrition (JIFSAN) was established in 1996 at
the University of Maryland, College Park. The Institute is a jointly administered,
multidisciplinary research, education, and outreach program. The research program includes
genome sequencing and genomic analysis, bioinformatics, foodborne pathogens, development of
training metrics, and risk assessment modeling. Additionally, JIFSAN’s undergraduate internship
program supports the science and research programs at CFSAN. JIFSAN's education and
outreach programs serve the FDA internally, domestically, and internationally. The International
Training Center is a train-the-trainer program and includes Food Safety Preventive Controls
Alliance (FSPCA) and Produce Safety Alliance (PSA) training. It also provides training on Good
Agricultural Practices (GAP), Good Aquacultural Practices (GAqP), Good Fishery Vessel
Practices (GFvP), Commercially Sterile Packaged Food (CSPF), Food Inspector Training Course
(FIT), and Collaborative Food Safety Training Centers. The Food Safety Risk Analysis
Professional Development Program provides courses that focus on risk assessment methods and
analysis to address food safety issues worldwide, and hosts FoodRisk.org that offers online
resources for food safety risk analysis.
JIFSAN Director – Dr. Jianghong Meng
CFSAN Project Officer – Dr. Kelly M. Randolph

Monitoring and Impact Evaluation Research on JIFSAN and Inter-American
Institute for Cooperation (IICA)’s Produce Safety Training programs
JIFSAN has developed monitoring and evaluation
survey tools, implemented surveys, and created a
database for JIFSAN’s international training
programs. In 2021 and 2022, JIFSAN continued to
conduct surveys for grower training in Latin
America using an online survey tool. Summary
data of the surveys have been shared with
instructors to help identify knowledge gaps and
participants’ learning experience to improve the
training courses. In 2022, the data were analyzed
using econometric methods to understand the
impact(s) of these trainings through analyzing
teaching effectiveness and determining the
number of growers who have been trained by lead trainers. As part of this research work,
JIFSAN has partnered with IICA and currently is conducting controlled experiments in Chile,
Costa Rica, and Mexico to evaluate alternative supplemental on-line training material that was
developed to better reach growers, their managers, and owners of produce farms. To date, the
baseline pre-intervention surveys have been completed in Chile and Costa Rica. Those who are
4
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part of the experiment have participated in the alternative supplemental on-line trainings and
endline surveys will be deployed soon. It is anticipated that the baseline surveys in Mexico will
be done by September 2022. This work was funded by the Inter-American Institute for
Cooperation on Agriculture (IICA).

Congressional Mandate for Imported Shrimp
Under the 2021 Appropriations Act, Congress
mandated that FDA consider options for
enhancing the safety of imported shrimp,
including establishing international seafood
arrangements with the top three exporters of
shrimp to the United Sates. As part of the
Congressional Mandate for Imported Shrimp
(Sec. 787), JIFSAN provided training programs
on Seafood HACCP and Good Aquaculture
Practices (GAqP) in India, Indonesia, and
Ecuador. Ecuador is the second largest supplier of
shrimp to the U.S., and shrimp is by far the most
popular seafood in the United States with a highvolume import. JIFSAN, in collaboration with
FDA, established partnerships with Ecuador,
India, and Indonesia by providing needs
assessments to determine what activities are most
beneficial to each country in order to tailor
trainings to each country’s needs. Jointly, we have
conducted in-country training on how to prevent,
manage, and control food safety hazards and how
to create their own HACCP Food Safety Plan to
incentivize conducting their own in-country trainings and decrease U.S. Food Safety import
risks. A total of fourteen training courses were conducted from October 2021 through July 2022
in Ecuador (3), India (6), and Indonesia (5). This work was funded through CFSAN’s
Cooperative Agreement with JIFSAN.

Produce Safety Alliance (PSA) Grower Training
The Produce Safety Alliance (PSA) Grower Training program was developed to provide growers
with training that would satisfy the requirements under §112.22 (c) of the FSMA Produce Safety
Rule. To provide access to the course during COVID-19 restrictions, PSA temporarily amended
their policy to offer remote delivery of the course. This temporary amended policy will be in
effect until December 31, 2022, and potentially longer, depending on pandemic updates. In this
reporting period, JIFSAN held 23 Virtual Grower Training (VGT) programs with approximately
490 participants, including 21 programs with 450 participants in Mexico, one program with 20
participants in Argentina, and one program with 20 participants in Colombia. These trainings
5
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were conducted in priority geographic regions and countries identified by CFSAN and focused
on higher risk commodities. Higher risk commodities were amended frequently, priorities
altered, and resources diverted as needed. Some specific commodities included, cilantro
(Cyclospora), melons (Salmonella), berries (Cyclospora), avocado (Salmonella and L.
monocytogenes), and onions (Salmonella). Issues related to packing facilities and L.
monocytogenes contamination were also included. Coaching future in-country Lead Trainers
(LT) is another goal for the program. To date, six PSA trainers have submitted applications to the
PSA. Three have successfully obtained the status of LT (2 in Mexico and 1 in Argentina) and
three more are in the process to become LTs. Since VGT began in June 2020, JIFSAN has
continued to align with producer associations, government entities, academicians, and others to
develop over 30 partnerships/collaborators. Our government partners include Mexico’s National
Service of Agro-Alimentary Health, Safety and Quality (SENASICA), Federal Commission for
Protection against Sanitary Risk (COFEPRIS), Honduras’ National Plant, Animal Health and
Food Safety Service (SENASA), Argentina’s National Food Safety and Quality Service
(SENASA), and Colombia’s Ministry of Commerce, Industry, and Tourism (MINCIT).
Collaborations with associations and industry representing berries, cilantro, vegetables,
avocados, mangos, and melons have also been established. We have active collaborations with
academic institutions such as Universidad de Guadalajara, Benemérita Universidad Autónoma de
Puebla, Universidad Autónoma de Querétaro, and Universidad Nacional Autónoma de
Honduras. This work was funded through CFSAN’s Cooperative Agreement with JIFSAN.

Salmonella enterica in Surface Water
Surface water is one of the primary sources of
irrigation water for produce production; therefore,
contamination by foodborne pathogens such as
Salmonella enterica may substantially impact food
safety and public health. The project was initiated
to determine the Salmonella contamination of
surface water in Latin America and to collect
whole genome sequencing (WGS) data to enrich
the global genomic database of foodborne
pathogens. The project continued to make
impressive progress in the past year. A total of
3,219 S. enterica isolates from water samples have been obtained, including 1,120 isolates from
Chile, 707 from Mexico, and 1,392 from Brazil. Among the isolates, 1,527 have been sequenced,
including 690 from Chile, 261 from Mexico, and 576 from Brazil. Comparative genomic
analyses of Salmonella isolates collected from surface waters in central Mexico revealed the
presence of several important serovars including Typhimurium, Newport, Infantis, Senftenberg,
and Agona. High genetic diversity as well as clonal dissemination of strains were observed
across distant regions. Some isolates were epidemiologically important and genotypically close
to those involved in clinical cases in North America. Transmission network analysis suggests
that surface waters were a relevant source of Salmonella and contributed to its dissemination as
Salmonella strains from varied sources and clinical cases shared common ancestors with those
6
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from surface waters. Overall, the study showed surface waters served as a reservoir of
Salmonella serovars of public health significance. Environmental and anthropogenic factors were
also examined for their association with the presence of Salmonella in agricultural watersheds in
Chile. The study showed that season, water source, and month, followed by latitude and river,
were the most influential factors associated with Salmonella detection. The influences of water
pH and temperature and factors associated with human activity registered at the sampling site
were weakly or not associated with Salmonella detection. The project was further expanded in
2022 to elucidate the interactions among the microbes and with the environment. Metagenomic
sequencing was initiated to investigate the entire microbial community in sampling sites, and to
determine the microbial interactions in the community. A total of 124 metagenomic samples
have been sequenced by JIFSAN, including 114 from Chile and 10 from Brazil and
bioinformatics analysis is being conducted. This study provided a comprehensive analysis of
Salmonella in Latin American surface waters associated with produce production. The data will
aid in the expansion of the global WGS database, assess the distribution and subtypes of
Salmonella in these waters, and provide insight into the microbial interaction that affect the
persistence of Salmonella in the water and environment. This research was funded through
CFSAN’s Cooperative Agreement with JIFSAN.

The United States Department of Agriculture (USDA) - FoodData Central
FoodData Central (FDC) is a modern website that
grants users unprecedented access to food
composition data. FDC provides users browsing
Foundation Foods with links and tabs showing
measurements and metadata of individual samples
contributing to each food that they select.
Working with JBS International, JIFSAN has
helped ensure that FDC receives the features that
USDA desires. In 2021-2022, JIFSAN continued to work on changes to improve data
presentation, user experience, and application performance. FDC now includes data on food
items from New Zealand that can be searched in the database. Multiple columns for variety pack
combined foods as well as dual language offerings have also been added to FDC. In addition,
JSON (JavaScript Object Notation) download of the database is available, microbe data have
been added to the branded foods output, and ingredient and brand search capability. This work
was funded through USDA and CFSAN Cooperative Agreements with JIFSAN.

Risk Analysis Trainings
JIFSAN continued to offer an online Summer Integrated Program (SIP) on risk analysis in 2022
and included courses on Introduction to Risk Analysis in the Regulatory Process, Risk
Management, Qualitative Risk Assessment, Risk Communication, and i-Risk/Quantitative Risk
Assessment. The 2022 SIP had a total of 78 students, 25 in the Introduction Risk Analysis
course, 13 in the Risk Management course, 14 in the Qualitative Risk Analysis course, 12 in the
Risk Communication Course, and 7 in the iRisk/Quantitative Risk Assessment course. The
7
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Epidemiology course was cancelled as there were not enough registered participants. While most
participants were from U.S. regulatory agencies, a total of seven participants were from
Bangladesh, Korea, Japan, Honduras, Ghana, and Italy. JIFSAN also collaborated with Hong
Kong Polytechnic University (PolyU) to offer virtual risk analysis courses in Hong Kong. In the
joint course with PolyU, 31 individuals participated in Food Safety Risk Management program
in September - October 2021. The program included the Introduction Risk Analysis in the
Regulatory Process and Risk Management courses. This was the third cohort of PolyU students
participating in this training. The first training was given in 2019 and the program will continue
once a year in the future. A virtual one-week risk analysis training program was offered to the
Pan American Health Organization in 2021 to 20 participants from the Bahamas and Guyana. In
addition, JIFSAN conducted a 2-day training in Egypt in May 2022 for the US Department of
Commerce. A course was also planned for Sri Lanka, but postponed due to the political conflict.
In August 2022, a 1-day course on Introduction to Risk Analysis in the Regulatory Process was
conducted for a group of 10 Cochrane students from Africa through the University of Missouri.
These programs are tuition-based and fully funded by tuition.
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Institute for Food Safety and Health (IFSH)/National Center for
Food Safety and Technology (NCFST) - Illinois Institute of
Technology
The National Center for Food Safety and Technology (NCFST) was established in 1988 at the
Illinois Institute of Technology’s (IIT) Moffett Campus in Bedford Park, IL, to bring together
scientists from the FDA, academia, and industry to work collaboratively on food safety issues.
The NCFST is a part of IIT’s Institute for Food Safety and Health (IFSH) and is a unique food
research consortium of CFSAN’s Division of Food Processing Science and Technology
(DFPST), IIT faculty and students, and food and food-related industries. NCFST's research
addresses the safety of processed foods, food safety implications of emerging technologies in
food processing and packaging, and laboratory method performance. In addition to the NCFST,
other Centers within the IFSH structure include the Center for Processing Innovation, the Center
for Nutrition Research, and the Center for Specialty Programs. IFSH also coordinates FSMA
training programs through the IFSH-led Food Safety Preventive Controls Alliance (FSPCA) and
Sprout Safety Alliance, including Preventive Controls for Human Food, Preventive Controls for
Animal Food, Foreign Supplier Verification Programs (FSVP), Intentional Adulteration, and
Sprout Safety. The FSPCA also provides a Technical Assistance Network (TAN) to industry on
inquiries which are not related to FSMA rule interpretation.
IFSH Executive Director - Dr. Brian Schaneberg
IFSH Associate Director – Dr. Jason Wan
CFSAN Project Officer - Dr. Les Smoot

Assessment of Variability in Target Nutrients in a Market Basket of Plant-based
Milk Alternatives
Information is critically needed on the nutrient
profile of plant-based milk alternatives (PBMAs)
and the variability in micronutrient levels in such
products. A market basket analysis was conducted
to assess select micronutrient levels in different
brands and types of PBMAs, including those made
from almond, coconut, cashew, oat, pea, hemp,
rice, and soy. The AOAC method 2012.10 was
used to analyze PBMA samples for vitamin A (as
retinyl palmitate) using HPLC-DAD. The results
revealed that the highest mean vitamin A amounts
were in coconut beverages (93.2 µg vitamin A
equivalents/100 g portion), while the lowest
amounts were in cashew beverages (27.2 µg vitamin A equivalents/100 g portion). The AOAC
method 2016.05 was used for the analysis of vitamins D2 and D3 in PBMA samples using LC9
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MS/MS. Mean vitamin D levels were highest in rice beverages (4.33 µg vitamin D2/100 g
portion) and lowest in cashew beverages (0.73 µg vitamin D2/100 g portion). FDA EAM 4.7 was
adapted for analysis of key elements in the PBMA samples, including calcium, potassium,
phosphorous, magnesium, and zinc. Results for calcium showed that the highest mean value was
in coconut beverages (180 mg Ca/100 g portion), while the lowest levels of calcium was found in
rice beverages (42.9 mg Ca/100 g portion). For comparison, amounts of vitamin A, vitamin D3,
and calcium in fluid bovine milk were 33.7 µg/100 g, 2.08 µg/100 g, and 105.8 mg/100 g,
respectively. There was variation in analyzed micronutrients across type and brand. AOAC
method 2015.14 is currently being used to analyze samples for B vitamin complex. We are
currently conducting experimental trials to process a model almond beverage with added
micronutrient premix. The model almond beverage will be analyzed for various micronutrients
using the above-described methods. This research was funded through CFSAN’s Cooperative
Agreement with IFSH and the DFPST operating budget.

Systematic Approaches for Sampling Foods for Allergens and Gluten
Limited information exists on approaches for
sampling grain that contains allergens due to
agricultural commingling or cross-contact. Wheat
kernels may be contaminated with soybeans and
peanuts due to agricultural commingling. The
milling process can alter their distribution in wheat
flour, which can impact allergen quantitation. This
project measured the variance associated with
analyses of peanut protein (P) and soy protein (S)
in wheat flour samples obtained by discrete
sampling and predict total variance (Vt) at P or S
concentrations (mg/g) depending on test portion
size (Ns; grams), and number of aliquots analyzed
(Na). Ten wheat kernel lots (45 kg each) were
mixed with varying amounts of crushed, raw
peanut, and dried soybean. Samples were analyzed
for S and P content in duplicate aliquots using the
Morinaga Soya ELISA Kit II and Neogen Veratox
for Peanut assay, respectively. The Vt was
partitioned into variance between test samples
(Vs) and aliquot tested (Va). Regression analysis
was conducted to establish the relationship
between variance and P or S concentrations. Peanut protein concentrations measured in discrete
flour samples were overestimated compared to the amount of peanut added into wheat lots. In
contrast, measured total soy protein levels were underestimated compared to the amount of soy
added into wheat kernel lots. The over/under-estimated values may be due to differences in
ELISA kit standards/calibrants, protein extraction method, assay antibodies, food matrix, form
and state of the allergen of interest (e.g., raw, blanched, roasted). The Vt, Vs, and Va increased
10
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with an increase in P and S concentration, and their regression analyses showed a linear best fit
on a log-log scale. For both peanut and soy, Vs>Va and over 95% of Vt resulted from Vs.
Variance equations can be used to predict sampling dependent variability in peanut and soy test
results. Peanut measurement variability was nearly 10 times greater than that of soy, possibly due
to the differences in their composition and physical properties. Work is underway to analyze
composite flour samples and establish the relationship between variance and P or S
concentrations in the composite samples. This research was funded through CFSAN’s
Cooperative Agreement with IFSH and the DFPST operating budget. The project was also
funded by the Office of the Chief Scientist Challenge Grant Program.

Temperature Redistribution in Food During the Post-Microwave Stand-Time
A two-minute stand-time has been recommended in the FDA Food Code for safe cooking of
meat in a microwave oven. A single study in 1956 on commercial microwave ovens showed the
importance of stand-time, up to 40 minutes, to achieve complete heating of large cuts of meat.
However, since that time, the size and cost of the ovens have dramatically decreased, their
numbers dramatically increased, and meat prepared in them are now smaller single-serving
portions. Since 1992, foodborne illness outbreaks linked to microwave undercooking have
occurred, some attributable to insufficient stand-times. But no studies have examined stand-time
to determine if the current recommendation is sufficient for temperature redistribution to
complete under-cooked regions of a meat portion. This project aimed to examine the stand-time
in microwave-cooked meat using both modeling and experiment. Modeling examined the effect
of stand-time on temperature distribution across the meat thickness in the standard shapes of
slabs, cylinders, and spheres. The results showed that adequate equilibration could occur if the
thicknesses were small enough. Furthermore, spheres more easily reached equilibration than
cylinders, which more easily reached equilibration than slabs. Experimentally, dual infrared
cameras were trained on opposite sides of microwave-heated cylinders and slabs made with
gellan gum gel, used as a meat substitute, during the stand time. To prevent evaporative cooling
during the stand time, the shapes were wrapped with pieces of common 2mil black trash bag
material. The transmission of infrared radiation, though attenuated through the material, could be
calibrated against a black body heat source so that actual temperatures could be obtained from
those reported by the cameras. It was found that across the surface, temperatures did not
sufficiently approach equilibrium in the two-minute stand time. Furthermore, longer times
recommended elsewhere did not help. Since the distance between hot and cold points through the
thickness of a shape vs those along its length or breadth are proportional to the local microwave
wavelength in the food (~1.7cm) vs in the oven (~12cm), it is much more difficult to bridge their
separation in the latter. Taken together, these results indicate that it is not advisable to use a
microwave oven to cook meat from raw. This research was funded through CFSAN’s
Cooperative Agreement with IFSH and the DFPST operating budget.
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Decontamination Of Sprout Seeds by Dry Heat Treatment
The Produce Safety Rule requires sprout growers
to treat seeds prior to sprouting. The adoption of
chemical treatments by sprout growers has been
hindered by the lack of EPA approved seed
treatment chemicals. CFSAN is interested in
exploring physical methods which do not need an
EPA approval. This research evaluated the
efficacy of dry heat in reducing Salmonella
population in artificially inoculated seeds, as
affected by treatment time (6, 16, and 24 h),
temperature (60, 70 and 80°C), relative humidity
(20, 40, 60, and 80%RH), seed type (mung bean,
alfalfa) and treatment scale (10 g and 1 kg). The
impact of treatment on seed germination, sprout yield and the extent of Salmonella re-growth
during sprouting was also examined. A greater log kill was observed when treatment was
conducted at higher temperatures, under a higher relative humidity (RH), or for a longer time.
Treatment at 60°C/80%RH or 70°C/60%RH for 16 h reduced Salmonella by > 3 logs to below
detection (< -0.3 log cfu/g) while maintaining germination and sprout yield at > 90% of that of
untreated controls. A similar log kill was achieved whether 10 g or 1 kg of beans were treated.
Salmonella re-growth was observed during sprouting of treated beans, although could be
delayed. Dry-heat treatment can be an effective means in reducing Salmonella on mung beans,
but pathogen could re-grow during sprouting. The potential delay in pathogen re-growth during
sprouting of dry-heat treated seeds needs to be considered when conducting microbial testing of
sprout production batches. Research findings will provide the sprout industry and FDA with a
better understanding of the efficacy of dry heat for treatment of seeds for sprouting and the
factors to consider when conducting seed treatment validation studies. This research was funded
through CFSAN’s Cooperative Agreement with IFSH and the DFPST operating budget.
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Fate of Listeria monocytogenes on Hard-Boiled Eggs Treated with Citric Acid
In the last decade, several recalls associated with
Listeria monocytogenes and hard-boiled eggs have
occurred, presumably due to cross-contamination
either after peeling or during packaging.
Commercially prepared hard-boiled eggs are
generally treated in a pH 2.5 citric acid solution
right after peeling for up to 24 h. However, the
efficacy of this step for reduction of Listeria on
the eggs or the ability of this acidification to allow
Listeria survival after cross- contamination was
not understood. For the first phase of this project,
it was determined that a typical pH 2.5 (0.03%)
citric acid soak of eggs contaminated at ~8 log
CFU/egg resulted in only 1.5 log reduction after
24 h. Acid treatment applied for 24 h prior to or
after contamination of the eggs with 1 log
CFU/egg was ineffective for control of the L. monocytogenes population through 28-d
refrigerated storage. Due to the inefficacy of pH 2.5 citric acid treatment, additional milestones
were added to examine the effect of 1) other organic acids including acetic, malic, and lactic and
2) an increased concentration of citric acid. For these trials, the previously listed objectives for
pH 2.5 citric acid were completed using 2% solutions of acids without pH adjustment. L.
monocytogenes populations inoculated onto hard-boiled eggs at ~8 log CFU/egg and treated for
24 h in 2% organic acids were reduced by 3.15, 3.46, 4.78 and 2.88 log CFU/egg after 5°C
treatment and 5.17, 4.17, 4.76, and 2.37 log CFU/egg after 25°C treatment for acetic, lactic,
malic, and citric acids, respectively. The 2% acetic, lactic, and malic acid treatments all resulted
in significant reductions in L. monocytogenes populations on the hard-boiled eggs regardless of
treatment temperature. However, 25°C treatment resulted in faster reductions overall and higher
reductions after 24 h for 2% acetic and lactic acid-treated eggs. Storage trials were completed on
eggs which were contaminated either pre-treatment or post-treatment, with the acid treatments
done at either 5°C or 25°C prior to refrigeration. Reduction of L. monocytogenes presence over
the 28-d storage period was markedly better when the eggs were contaminated prior to acid
treatment, regardless of the acid used or the temperature of the treatment. However, 5°C
treatment did result in fewer positive samples than those treated at 25°C. Acetic acid treatment
eliminated the L. monocytogenes population after the first day of storage at 5°C but eggs treated
at 25°C allowed sporadic positives over the storage period. Overall, for egg contamination
followed by 5°C treatment, the efficacy of the acids relative to each other followed acetic/malic
> citric > lactic. L. monocytogenes on eggs inoculated acid treatment was best controlled with
either 2% citric or acetic acid regardless of treatment temperature, but only citric acid allowed a
complete elimination of L. monocytogenes detection after 7-d storage. This research was funded
through CFSAN’s Cooperative Agreement with IFSH and the DFPST operating budget.
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Western Center for Food Safety (WCFS) - University of California,
Davis
The Western Center for Food Safety (WCFS) was established in 2008 at the University of
California, Davis, to address the development of approaches and data that are critical to
understanding the risks associated with the interface between production agriculture and food
protection. This information is used to develop scientifically validated “best practices” for
mitigating risks at the production, harvest and postharvest (versus processing) level. In addition
to research, the Center provides education, outreach, and technical assistance to food safety
stakeholders. The WCFS’ research portfolio includes projects related to exploring the sources of
microbial contamination on fresh produce and nuts, including agricultural water and soil, as well
as collaborations with other academic institutions to increase our understanding of best
agricultural practices across varying agro-ecological landscapes. The WCFS’ research and
outreach efforts assist CFSAN and the food safety community in the implementation of FSMA
provisions and regulations.
WCFS Principal Investigators – Dr. Robert Atwill and Dr. Linda J. Harris
WCFS Program Manager – Dr. Michele Jay-Russell
CFSAN Project Officers - Dr. Samir Assar and Heather Brown, Project Manager, GWCPM

Longitudinal Study to Investigate the Ecology and Epidemiology of Human
Foodborne Pathogens in the California Central Coast
In 2020, the FDA initiated a multi-year California
Longitudinal Study (CALS) in partnership with
the WCFS at UC Davis, and the California
Department of Food and Agriculture. This
ongoing project is advancing the understanding of
the ecology and epidemiology of human
pathogens in California’s central coast, a major
leafy green production region in the United States.
The overall goal of CALS is to provide
information on how pathogens survive in various
reservoirs (e.g., prevalence in water, air, soil) and
how they move throughout the environment,
leading to produce contamination prior to harvest. During the second year of this project, the
CALS research team completed enrollment of a set of conventional and organic agricultural
operations including leafy green farms, composters, vineyards, and cattle ranches across the
central coast. Additionally, approximately 30 publicly accessible sample sites along state or
county roads were sampled in proximity to these private agricultural operations. To date, over
2,000 samples were analyzed at WCFS laboratories to measure monthly to bi-monthly patterns
of bacterial indicators, Salmonella, E. coli O157:H7, non-O157 Shiga toxin-producing E. coli
(STEC) from environmental sources in the greater Salinas Valley region. Original samples
14
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and/or enrichments were shared with FDA scientists for culture-independent and –dependent
metagenomics, respectively. Additionally, STEC and Salmonella isolates (>350) recovered from
CALS samples were submitted to FDA’s GenomeTrakr for whole genome sequencing (WGS).
This ongoing research effort will shed light on how human pathogens survive, move, and
possibly contaminate produce prior to harvest to improve the understanding of pathogen survival
in environment reservoirs, quantifying pathogen movement from vertebrate hosts to nearby fields
of leafy greens, and leveraging the ability of metagenomics and WGS to accurately map large- to
fine-scale mechanisms leading to microbial contamination of leafy greens. The project addresses
FDA’s 2020 Leafy Greens STEC Action Plan (https://www.fda.gov/food/foodbornepathogens/2020-leafy-greens-stec-action-plan), and builds on current efforts in the Yuma,
Arizona leafy greens growing region. This research was funded through CFSAN’s Cooperative
Agreement with WCFS.

Reducing Fecal Shedding of E. coli O157:H7 through Vaccination in a Cow-Calf
Operation
Cattle in proximity to produce fields have long
been suspected as a possible contributor to the
problem of produce contamination, which has
resulted in conflicting land use restrictions
between cattle grazing and produce growers.
Although cattle do not have access to produce
fields, indirect routes of contamination through
wildlife species, winter precipitation runoff, or
through the air are conceivable. A vaccine
targeting E. coli O157:H7 in cattle is available and
has shown to significantly reduce fecal shedding
of the pathogen in feedlot settings. However, the
vaccine is not labeled for use in pregnant cows
and the 3-dose regimen at every 21 days represent
barriers to use this vaccine in a cow-calf
operation. The objective of this study was to
conduct a vaccine trial at the cow-calf operation
managed by UC’s Sierra Foothill Research and
Extension Center to test the hypothesis that
vaccinated herds have reduced prevalence and/or
intensity of E. coli O157:H7 fecal shedding, which
could potentially lead to reduced environmental
loads of this pathogen and thereby improved produce safety. Because the cows in both the
vaccinated (n=31) and control groups (n=30) did not shed E. coli O157:H7 at the time of the
study, antibody titers were used instead to measure efficacy. The findings were favorable for offlabel use (2 doses, 90 days apart) in pregnant cows since 1) titers rose after the delayed booster,
2) calves received antibodies through passive transfer, and 3) there were no adverse events
observed (e.g., abortion, allergic reaction, etc.). Additional analyses are underway to evaluate
15

CFSAN Centers of Excellence 2021-22 Annual Report
efficacy of a 2-dose vaccine schedule in feedlot cattle at UC’s Desert Research and Extension
Center in southern California. In the next phase, the study will be expanded to commercial herds
in the central coast. Funding for this study was provided by the California Department of Food
and Agriculture Technical Assistance Program and UC’s Center for Food Animal Health.

Understanding and Enhancing the Safe Use of Biological Soil Amendments in Fresh
Produce Production
Biological soil amendments of animal origin
(BSAAO), including livestock manure, compost,
and heat-treated amendments, are frequently used
as organic fertilizers to improve physical and
chemical properties and nutrient content of soils in
crop production. However, untreated BSAAOs are
a known reservoir for zoonotic bacterial pathogens
such as STEC and Salmonella enterica. This
project aims to conduct experimental field trials
over two leafy green growing seasons using
treated BSAAOs to measure potential growth and
persistence of indicator E. coli in soil, and transfer
to leafy greens grown in this soil. During Winter 2021-2022, the first of two romaine lettuce field
trials were conducted at the UC Desert Research and Extension Center (DREC) located in the
Imperial Valley, a major leafy green production region in the southwest desert. Indicator E. coli
population dynamics were characterized following side dressing romaine lettuce plots with
inoculated commercial heat-treated poultry pellets and seabird guano. Through this work, we
anticipate the discovery of new strategies to reduce introduction of microbial hazards into leafy
green fields during pre-harvest production, which will benefit industry stakeholders and protect
consumers. This project is supported by a subaward to WCFS as part of a consortium of
researchers and extension specialists from nine land grant universities and one federal agency
entitled “Scientific Challenges and Cost-Effective Management of Risks Associated with
Implementation of Produce Safety Regulations (CONTACT)”, funded by USDA NIFA SCRI.
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Assessing the Potential for Production Practices to Impact Dry Bulb Onion Safety
In 2020 and 2021, the dry bulb onion industry
faced two significant outbreaks when onions were
epidemiologically linked to >2,000 cases of
salmonellosis. Escherichia coli is another
pathogen of concern on onions and this study has
two objectives: 1) quantify E. coli contamination
rates, die-off, and potential growth in onions due
to application of crop protection sprays, including
clay application to prevent sunburn; and 2)
quantify E. coli contamination rates, die-off, and
potential growth in onions due to overhead
irrigation with contaminated water. Field trials in
Oregon and Washington States have been
designed to characterize the risk of using a
contaminated water source when applying crop
protection sprays (pesticides and/or clay) and
during irrigation (overhead vs. drip). Field trials in
Oregon and Washington were initiated in late
summer 2022. The contamination and survival of
E. coli introduced into white and red onions via
pesticide or clay application (sunburn protection)
were investigated in Oregon. Washington field
trials assessed the contamination and survival of E. coli introduced into yellow onions via drip
and overhead irrigation. E. coli levels were monitored at application and throughout field curing.
Our goal is to enable growers to better understand risks and implement changes to minimize the
likelihood of crop contamination. This project is funded by a grant from the Center for Produce
Safety in collaboration with Oregon State University and the California, Oregon, and
Washington onion industries.
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Waxing of Whole Produce and its Involvement in and Impact on Microbial Food
Safety
Waxing is the process of covering fruits and
vegetables with natural (carnauba, shellac, or
resin) or artificial waxing materials. In addition to
providing the required gloss for cosmetic
purposes, waxing can extend the shelf life of
produce by reducing respiration and protecting the
skin from environmental influences that cause
dehydration. For certain produce, wax also acts as
a carrier for fungicide or different bio-agents used
in controlling plant pathogens, thus preventing
premature rotting. In the fresh produce industry,
many fruits and vegetables are waxed before they
are moved to short- or long-term storage or before
being delivered for market sale. The objectives of this study are to determine the potential for
foodborne pathogens to survive in these waxes under simulated storage conditions, on fruit
surfaces that are coated with different storage or finishing waxes during short- or long-term
storage or during wax application and heat drying steps in-lab and pilot scale packinghouse
trials. Survival of Listeria monocytogenes and Salmonella in currently available citrus storage
and finishing waxes under simulated packinghouse storage conditions was influenced by
pathogen type, wax type, wax dilution ratio, and storage temperature. L. monocytogenes survived
better than Salmonella in storage waxes used for lemons. Lemons inoculated with an L.
monocytogenes cocktail were dried, waxed, and then stored under cool, high humidity conditions
typical of commercial lemon storage. Populations of L. monocytogenes decreased on application
of the storage wax and continued to decline during storage at rates that were influenced by wax
type. Finishing waxes were applied to E. faecium-, L. monocytogenes-, or Salmonella-inoculated
lemons. Microbial populations declined during application and subsequent drying of finishing
waxes. Magnitude of population reductions were L. monocytogenes > Salmonella > E. faecium
indicating that E. faecium could serve as a conservative surrogate organism in future
packinghouse trials. This project was initiated with funds from WCFS and is currently funded by
a grant from the Center for Produce Safety.
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National Center for Natural Products Research (NCNPR) University of Mississippi, Oxford
The National Center for Natural Products Research (NCNPR) was established in 2001 at the
University of Mississippi, Oxford, to assist the FDA with implementation of the Dietary
Supplement Health & Education Act of 1994 (DSHEA). The cooperative research, education,
and outreach programs developed by the NCNPR address scientific issues related to the safety of
botanical dietary supplements (BDS) and botanical ingredients and complement the diverse
activities of both the public and private sectors. Specifically, the NCNPR: 1) assists in the
identification and development of a list of BDS and botanical ingredients, based on safety
concerns, trends, and knowledge of botanicals being marketed in the U.S., to prioritize further
research; 2) acquires, validates, and characterizes authenticated reference materials, including
raw and processed plant materials and purified natural products of relevance to the FDA, for
evaluation of their safety; 3) exchanges technical and scientific information, analytical methods,
and reference material with the FDA scientists and other stakeholders; 4) collaborates with the
FDA scientists in research areas of mutual interest; and, 5) coordinates scientific workshops and
conferences on BDS-related topics of public health relevance to address high priority science and
research needs.
NCNPR Director - Dr. Ikhlas A. Khan
NCNPR Assistant Director - Dr. Amar G. Chittiboyina
CFSAN Project Officer - Dr. Gregory O. Noonan

Analytical Investigations to Assure the Overall Quality of Botanical Dietary
Supplements (BDS)

The NCNPR has focused on developing several
analytical methods to determine botanical
authenticity and assure the quality of various
botanical-based dietary supplements. These
studies include developing analytical methods
such as Ultra-Performance Liquid
Chromatography (UPLC), ultraviolet
spectroscopy (UV), evaporative light scattering
detector (ELSD), mass spectrometry (MS),
nuclear magnetic resonance (NMR), and gas
chromatography (GC). In the past year, the COE
focused on developing several analytical
methods to determine the authenticity and
quality of supplement products in commerce.
For example, to include in American Herbal
Pharmacopoeia’s monograph as a reference
guidance, two independent analytical methods
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were developed to establish the quality attributes of saffron-based products obtained from the
dark red stigma of Crocus sativa flowers. By studying the crocetin esters, picrocrocin, and
safranal in botanically verified saffron samples and dietary supplements, minimum and
maximum content limits were established for these components in saffron-based products.
Surprisingly, more than 55% of products claiming to contain saffron were identified with no
saffron constituents. Moreover, in 27 out of 37 supplement products, flowers of Carthamus
tinctorius and the fruit of Gardenia jasminoides were identified as contaminants, highlighting the
ongoing economic adulteration of the world’s most expensive spice, saffron.
In another project, to delineate robustness of hyphenated chromatographic methods in the quality
assessment of dietary supplements, closely related species of Sambucus, commonly known as
elderberry, were studied using UHPLC-PDA-MS. Separation of 11 compounds representing
anthocyanins, phenolic acids, and flavonoids in four species of Sambucus berries allowed us to
identify black rice (Oryza sativa) extract as the main contaminant in the elderberry-based dietary
supplements. In addition to black rice, extracts from purple carrot (Daucus carota ssp. sativus
var. atrorubens) and flowers of Sambucus nigra were also identified as undeclared constituents
in two elderberry products. Similarly, quantification of phenolic acid, sesquiterpene lactone,
lignan, and flavonoids in ‘Blessed thistle’ (Cnicus benedictus) allowed the NCNPR to establish
the overall quality of 21 products in commerce. Based on content of a specific sequiterpene,
cnicin, 62% of these products were confirmed to be derived from C. benedictus, and others were
either of inferior quality or had been substituted with other species.
To demonstrate the applicability of orthogonal (supplemental) analytical tools in addressing the
intrinsic chemical complexity of botanicals and the overall quality of botanical raw materials in
various finished products, the NCNPR routinely implements nuclear magnetic resonance (NMR)
spectroscopy. A review article delineating the applicability of NMR techniques and
methodologies in all stages, from plants to the development of botanical health products, has
been published in a peer-reviewed journal by the NCNPR team. Furthermore, applications of
NMR, together with other analytical techniques in various domains of botanical health product
investigation, such as plant species differentiation, adulteration detection, and bio-activity
evaluation, are discussed and illustrated with typical examples. This article provides an overview
of the potential uses of NMR techniques and methodologies to further promote their utilization to
ensure the quality of botanical products. Proactively implementing such tools expands NCNPR’s
analytical capabilities in effectively addressing the overall quality of botanical dietary
supplements. This research was funded through CFSAN’s Cooperative Agreement with the
NCNPR.

Safety of Botanical Ingredients in Cosmetics and other Personal Care Products
Botanical extracts and single compounds extracted from botanicals are integral to many natural
and organic cosmetics, fragrances, and personal care products (PCP). To effectively address the
safety concerns of such ingredients, integrated non-animal testing strategies and unique resources
were assembled at the NCNPR to fulfill the research needs of the Office of Cosmetics and Colors
(OCAC), CFSAN, and the FDA. Under this directive, several projects have been undertaken
concerning the safety and quality assessment of botanical and synthetic ingredients used in
20
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cosmetics and other personal care products. The general, long-term goals include i) the
application of a combination of alternative (non-animal) methods to identify potential skin
sensitizers, ii) the application of analytical methods for the authentication, characterization, and
quantitation of candidate compounds of concern, and iii) the evaluation of risk by
complementing hazard studies with dermal absorption methods.
A total of five independent, non-animal-based methods are routinely investigated, and relevant
data are compiled, shared with the OCAC team, and published in peer-reviewed journals. For
example, driven by the need for a versatile in chemico approach that could be suitable for
complex mixtures such as botanicals, two in chemico methods (HTS-DCYA and NMR-DCYA)
were developed and are routinely implemented at the NCNPR as non-animal alternative
methods. To accommodate a wide variety of botanical extracts with poor solubility in organic
solvents and the limitations associated with such thiol-depletion-based in-chemico methods, the
NCNPR recently demonstrated the utility of binary solvent systems to establish the thiolreactivity and classification of potential skin sensitizers. In addition to the two in-house methods,
three regulated methods (DPRA, KeratinoSens™, hCLAT) have been established as routine
methods at the NCNPR. As part of a long-term commitment to producing cohesive testing data
on 86 chemicals that are routinely associated with cosmetics, the three most frequently used
botanical ingredients, chamomile (Matricaria recutita), aloe (Aloe vera), and rosemary
(Rosmarinus officinalis), were selected for non-animal dermatotoxicological investigations.
Several chamomile-based commercial products were acquired, and their quality was probed
using two independent analytical methodologies, HPLC-DAD-MS and GC-MS.
In another project, around 129 cannabidiol (CBD)-based PCP were purchased and analyzed for
CBD and other cannabinoids to differentiate these products as to whether they were derived from
marijuana, hemp, or a synthetic source. Among the 129 products, only 35 contained
cannabinoids. Of the 35 cannabinoid-containing products, 20 (57%) contained only CBD, while
15 (42.9%) contained THC and other cannabinoids at detectable levels. Regarding the PCP that
did not contain cannabinoids, the most common ingredient listed was either “Cannabis sativa
(hemp) seed oil” or “hemp oil”. CBD-rich extracts and CBD oil appear to be a source of
potential skin sensitizers; however, further detailed investigations are necessary before
establishing the potential skin sensitization hazard assessment with alternative methods.
Additionally, dermal absorption studies of CBD-containing formulations revealed that CBD
preferentially remains in the oil phase. A higher absorption can be achievable with finite dosing,
which may resemble the real consumer exposure compared to infinite dosing (sealed donor cell
with no evaporation). Nevertheless, detailed data were generated for OCAC’s needs, and the
compilation of such data is expected to aid the regulatory decisions on the quality and safety of
CBD-containing cosmetics and PCP.
Another project with the OCAC team was an analytical investigation of polyfluoroalkyl
substances (PFAS) integral to cosmetics, especially makeup (e.g., foundations) products. After
acquiring approximately 30 samples containing PFAS, the NCNPR scientists developed a
UHPLC-MS/MS method to separate and determine 16 different PFAS. The published method
failed to detect most PFAS; however, 14 out of 16 PFAS were identified with the FDA method,
C-010.01. Further validation experiments are ongoing to ensure detection limits and improve
selectivity and specificity parameters using the C-010.01 method. Similarly, using a UHPLC21
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MS/MS method developed at the NCNPR, the COE team is investigating the quality of hexapeptides present in various peptide-based cosmetic products. The scope of the UHPLC-MS/MS
method was expanded further by including structurally similar peptide compounds to
demonstrate simultaneous detection. Several efforts, including validation, are underway to
analyze more than 70 PCPs’ overall quality. Developing such analytical tools will allow the
NCNPR and OCAC to investigate the quality of makeup products in commerce and to ensure
they are devoid of potential toxicants for consumer health. This research was funded through
CFSAN’s Cooperative Agreement with the NCNPR.

Adverse Effects of BDS – Modulation of Drug-Metabolizing Enzymes and
Transporters (DMET) and Implications to Herb-Drug Interactions
There is a growing trend for herbal remedies in the U.S., far exceeding the available information
on their risk-benefit ratios. Considering that the escalating appeal of herbal remedies is likely to
continue, some consumers’ lack of awareness of herb-drug interactions is a potential risk. More
recently, physicians and other health care providers have become familiar with the situation and
are calling for more research that can provide scientifically valid information about the safety
and efficacy of such remedies. Specifically, deleterious effects related to pharmacokinetic herbdrug or herb-herb interactions have been reported.
The main goal of this project was to accumulate scientifically valid experimental evidence to
probe botanical ingredients’ herb-drug and herb-herb interactions by studying the modulation of
xenobiotic enzymes and transporters. The NCNPR has established a battery of in vitro methods
to assess the potential of adverse interactions upon either chronic or acute consumption and is
proactively investigating the most prevalent herbals in polyherbal dietary supplements to gauge
herb-herb interactions. To this end, several hydroethanolic extracts were examined to establish
their modulating (induction or inhibition) effects on cytochrome P450s (CYP450), pregnane xreceptor (PXR), aryl hydrocarbon receptor (AhR), and P-glycoprotein (Pgp). For example, green
tea and curcuma extracts did not inhibit Pgp; however, pure constituents, epigallocatechin
(EGCG) from green tea and curcumin, bisdesmethoxycurcumin, and desmethoxycurcumin from
turmeric, showed strong inhibition of Pgp. In general, PXR and AhR activation is associated
with induction of certain CYP450s (viz., 3A4 and 1A2) and Pgp; however, our preliminary data
indicated that some of the constituents in these complex extracts are also responsible for
inhibition of 3A4, 1A2 isozymes and Pgp. Further detailed follow-up investigations would
unravel the identity of causative agents of herb-herb interactions in complex botanical extracts.
In addition to the herb-herb interaction of poly-botanical extracts, special emphasis on potential
adverse effects of finished products, viz., weight-loss products, was also undertaken. The 15 top
selling weight loss products were obtained and tested for PXR and AhR receptor activation. Six
products with the highest PXR and AhR induction potentials were selected and investigated for
their modulatory effects on major CYP450 isozymes and on inhibition, including Pgp. The
preliminary investigations have been completed and will be disseminated via a scientific
publication. In addition, the drug interaction potential of Zingiber officinale (ginger) and its
constituents was presented at the 2021 FDA Science Forum and at 20th International Conference
on the Science of Botanicals (ICSB). We will continue to advance the knowledge of herb-drug
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interaction potentials of phytochemicals and botanical ingredients in various matrices to improve
consumers’ awareness of possible adverse interactions, specifically when concomitantly
consumed with pharmaceuticals. This research component is a demonstrated example of
expertise along with alternative methods available at the NCNPR that may serve as a proactive
testing strategy for CFSAN’s mission to address the safety aspects of botanical dietary
supplements. This research was funded through CFSAN’s Cooperative Agreement with the
NCNPR.
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