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Abstract:
 

Introduction: Emerging foodborne illness outbreaks linked to wheat products highlight 
critical gaps in understanding microbial communities and dry-biofilm formation in milling 
facilities, where inadequate sanitation poses persistent contamination risks.

Purpose: Characterize microbial ecology and identify dry biofilm-associated taxa across a 
commercial wheat-milling facility.

Methods: Environmental samples (n=160) were collected from a Kansas wheat-milling facility 
before milling (BM, n=70), after milling (AM, n=65), and from milling fractions (MF, n=25). DNA 
was analyzed using 16S rRNA amplicon sequencing with the DADA2-SILVA pipeline to 
generate sequence variants and taxonomic profiles. Alpha and beta diversity were calculated 
using Shannon indices and community differentiation analysis. Differential abundance 
analysis identified enriched taxa (log2 FC > 1.8).
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Results: Distinct microbial assemblages dominated each stage: BM harbored spore-
forming Bacillus spp. (B. subtilis, 4.5% relative abundance; 92% prevalence); AM transitioned 
to biofilm-forming Pseudomonas spp. (P. putida, 6.7% relative abundance; 99% prevalence). 
MF exhibited grain-fermentation-associated Lactobacillus/Weissella communities (L. 
plantarum 5.6%; 88% prevalence; Leuconostoc mesenteroides 4.8%; 92% prevalence). Alpha 
diversity was preserved across stages (Shannon: 2.96–4.01), while beta diversity revealed 
significant community differentiation. Post-milling enrichment of biofilm-formers, including P.
 putida, Acinetobacter johnsonii, and Staphylococcus epidermidis (log2 FC >1.8), identified the 
facility as a biofilm-contamination reservoir. Bacillus cereus enrichment (2.4% post-milling) 
identified a potential contamination reservoir, with dried biofilm deposits persisting during 
grain processing.

Significance: Comprehensive microbial characterization and biofilm-targeted monitoring are 
essential for designing food safety interventions and contamination-control strategies in 
grain-milling facilities.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Dog biscuits are widely consumed pet treats, and their safety is critical due to 
the risk of Salmonella contamination. Cereal-based ingredients such as whole-wheat flour 
may act as potential sources of Salmonella. Validating the baking process is essential to 
ensure the microbiological safety of finished dog biscuit products. This study evaluated the 
effectiveness of baking as a control step and determined the thermal inactivation kinetics of 
Salmonella, including D- and z-values.

Purpose: To validate dog biscuit baking as an effective kill step and determine Salmonella 
thermal inactivation kinetics.

Methods: Whole-wheat flour was mist-inoculated with 5-serovar Salmonella cocktail to 
achieve an initial concentration of 10.1 ± 0.33 log CFU/g and incorporated to make dog 
biscuit dough. The dough was shaped and baked at 350°F (175°C) for 25 minutes. Samples 
were collected at selected time points for Salmonella enumeration, water activity (aw), and pH 
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analysis. Salmonella population in pre- and post-baked samples were enumerated using 
injury recovery media consisting of Brain Heart Infusion agar overlaid with Xylose Lysine 
Deoxycholate (XLD) agar. 

Results: Baking resulted in 6.6 ± 0.1 log CFU/g reduction of Salmonella population. Water 
activity decreased significantly during baking for the crust samples, and it remained constant 
for the crumb, while pH exhibited minor variation throughout the process. D-values of 
Salmonella at 57°C, 61°C, and 65°C were 17.7 ± 1.8, 7.09 ± 0.5, and 1.4 ± 0.1 minutes, 
respectively, and the mean z-value was 7.3 ± 0.6°C. The D- and z-values indicate progressive 
thermal inactivation of Salmonella in the dog biscuit matrix.

Significance: The results demonstrate that baking dog biscuits at 350°F (175°C) for 25 
minutes serves as an effective kill step to control Salmonella ensuring safety of dog biscuits. 

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Microbial contamination by spoilage bacteria presents a persistent challenge 
in the pet food industry, often resulting in reduced shelf life and increased risk of product 
recalls. Mechanically separated chicken (MSC), used as a protein source in pet food, is 
susceptible to microbial proliferation due to its high moisture and nutrient content. 

Purpose: This study assessed the effectiveness of a natural antimicrobial solution composed 
of a blend of cultured sugar and vinegar in optimized proportions, for controlling microbial 
growth in MSC. 

Methods: Fresh MSC samples were treated with the antimicrobial at 1.0% inclusion and 
compared to untreated control. Both groups were stored at 4°C and periodically analyzed 
over 14 days for total viable counts and Enterobacteriaceae using standard microbial plate 
count methods. 

Results: Results show significant antimicrobial activity against bacterial contamination, 
providing substantial protection against Enterobacteriaceae proliferation. The monitoring 
data shows that the untreated control sample allows an increase of 3 log whereas the treated 
sample does not allow any growth during the 14 days of follow-up. Additionally, monitoring 
of the total viable count indicates that the control sample without the preservative shows a 2 
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log increase beginning on day 3. The sample treated with the natural antimicrobial allows for 
delaying microbial growth to 7 days. After 14 days, the treated sample shows a lower 
contamination compared to the control (4.5 log vs 6 log). Importantly, the application 
of antimicrobial did not affect the sensory attributes of the MSC or the palatability of the final 
pet food product. 

Significance: These findings highlight the potential of this new natural antimicrobial solution 
to enhance the microbial safety and shelf life of high-risk raw materials such as 
MSC, supporting the industry’s transition toward cleaner label and more natural preservation 
methods without compromising product quality. 
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Abstract:
 

Introduction: One of the most critical challenges for the pet food industry is fungal 
contamination, as it drives product spoilage, reduces shelf life, and increases the risk of 
costly recalls and consumer dissatisfaction. At the same time, the growing demand for clean-
label products is accelerating the need for natural preservative alternatives.

Purpose: In this context, we developed a natural antifungal solution based on an optimized 
blend of cultured ingredients, designed to provide strong protection across pet food 
matrices while preserving palatability.

Methods: Two matrices prone to fungal spoilage were evaluated. A semi‑moist pet food 
model and a liquid palatability enhancer typically protected with potassium sorbate. 
Challenge tests were conducted using 6‑strain mold and yeast cocktails inoculated at 5.5 log 
CFU/g and stored at 25°C and monitored over time.

Results: In the semi‑moist model, 1.25% dosage maintained yeast counts at the inoculum 
level (�5 log CFU/g) after 60 days, while the untreated control exceeded 8 log CFU/g. Mold 
counts decreased by more than 3 log CFU/g over the same period, demonstrating fungicidal 
activity. Even stronger effects were observed in the palatability enhancer: yeasts dropped 
from ~4 log CFU/g to below count limit (<1 log CFU/g) within 2 weeks (vs. 2 days with 
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sorbate), whereas the control exceeded 6 log CFU/g. Mold counts fell below 1 log CFU/g after 
9 days, while remaining at 2.7 log CFU/g in the control after 28 days. Due to their intrinsic 
characteristics (low pH, high salt content, etc.) palatability enhancers create multiple hurdles 
that weaken or sensitize microorganisms increasing the efficacy of preservatives. Palatability 
tests in dogs (n=40) and cats (n=40) showed no impact on acceptance (p > 0.5).

Significance: This natural solution provides robust antifungal performance in multiple pet 
food applications without affecting palatability, positioning it as a credible alternative to 
potassium sorbate.
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Abstract:
 

Introduction: Microbial contamination—from spoilage to pathogenic—remains a major 
challenge in the pet food industry, driving shelf‑life reduction, recalls, and loss of consumer 
confidence. In parallel, demand for clean‑label products is accelerating the shift from 
synthetic preservatives to natural alternatives. 

Purpose: We developed a natural multipurpose solution based on an optimized blend of 
citric acid and vinegar, designed to control microbial risks without compromising palatability.

Methods: Two pet food models with distinct water activities were used: a low‑aw model 
(<0.65) representing dry kibble supporting pathogen survival, and a high‑ aw model (0.85) 
representative of semi-moist pet food supporting fungal growth. Our solution was 
incorporated into the pet food through an extrusion line. Challenge tests were performed 
using Listeria monocytogenes and Salmonella enterica (3 strains at 5 log CFU/g), and a 6‑strain 
mold cocktail (3 log CFU/g). Samples were stored at 25°C and monitored over time.

Results: In the high‑ aw model, 1% dose achieved complete mold inhibition with no 
contaminated samples after 5 months (n=10), while 100% of untreated samples were spoiled 
after 1 month. A 0.3% dose was insufficient, and intermediate contamination was observed 
with another recipe, emphasizing the need for dose adjustment. In the low‑ aw model, 1% 
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dose showed activity against Listeria, reaching the count limit within 14 days (4‑log 
reduction), compared with 28 days in untreated control. For Salmonella, inactivation occurred 
within 28 days (4‑log reduction), while controls remained more than 1.5 log CFU/g higher. 
Palatability testing on a 40‑dog panel showed no significant impact on pet food acceptance 
(p > 0.5).

Significance: Our solution demonstrates multipurpose antimicrobial effectiveness across pet 
food model while maintaining palatability. However, it is crucial to validate the effective 
dosage, which can vary depending on the pet food and microorganisms involved.
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Abstract:
 

Purpose: Raw meat-based diets (RMBDs) for companion animals may serve as reservoirs for 
antimicrobial-resistant bacteria, posing risks to animal and public health. This study 
investigated the occurrence and risk factors of antimicrobial resistance (AMR) in indicator 
bacteria and Campylobacter spp. in commercial RMBDs sold in Belgium.

Methods: Between May and August 2023, 50 RMBD samples representing 21 brands from 
five European countries were collected from retail sources in Belgium. Samples were 
analyzed for Escherichia coli, Enterococcus faecalis, E. faecium, and Campylobacter spp. using 
standard isolation procedures. Selective media supplemented with cefotaxime (1 mg/L) and 
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linezolid (4 mg/L) were used to screen for resistant strains. Antimicrobial susceptibility testing 
was performed using broth microdilution following EUCAST guidelines. Risk factors were 
analyzed using logistic regression.

Results: High bacterial contamination rates were observed: E. coli (90.0%), E. faecalis (62.0%), 
E. faecium (46.0%), and Campylobacter spp. (6.0%). ESBL/AmpC-producing E. coli was detected 
in 34.0% of samples. Notably, one carbapenem-resistant E. coli strain was isolated—the first 
reported in commercial pet food. Multidrug resistance was identified in 17 isolates from 15 
samples (30.0%), including 14 MDR E. coli, 1 MDR E. faecalis, and 2 MDR E. faecium. Belgian-
origin samples showed significantly higher E. faecium prevalence (76.5%) compared to Dutch 
samples (21.4%) (OR=11.11, p<0.001). Minor livestock sources were associated with increased 
MDR risk (OR=5.56, p=0.017).

Significance: Commercial RMBDs exhibit widespread bacterial contamination with 
concerning AMR rates, including critically important resistance phenotypes. These findings 
highlight the need for enhanced regulatory oversight and consumer education regarding 
safe handling practices for raw pet foods within the One Health framework.
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Abstract:
 

Introduction: High-pressure processing (HPP) is a promising nonthermal pasteurization 
technology that effectively reduces microbial populations while preserving the sensory and 
nutritional quality of raw meats. However, pressure resistance varies among Salmonella 
serovars, necessitating identification of the most resistant strains for surrogate validation 
studies.

Purpose: This study evaluated the HPP susceptibility of five Salmonella serovars in a poultry-
based pet food matrix to identify appropriate target organisms for surrogate validation.

Methods: A model poultry-based raw pet food diet was inoculated with each Salmonella 
enterica serovars (Agona, Enteritidis, Typhimurium, Heidelberg, and Senftenberg) at ~ 10⁷ 
CFU/g. Samples were treated at 300 or 400 MPa for 2 min at 4°C using a laboratory-scale HPP 
unit. Surviving populations were enumerated on XLD with TSA overlay, and log reductions 
were calculated relative to non-pressurized controls.

Page 1307 | 2023
1677



Results: Five Salmonella serovars reveal distinct pressure resistance patterns in poultry-
based pet food. S. Enteritidis exhibited the greatest resistance at both pressure levels (P < 
0.05), showing the lowest reduction of 2.01 log at 300 MPa and 3.18 log at 400 MPa. At 300 
MPa, S. Agona, Heidelberg, and Senftenberg showed similar intermediate resistance, with 
reductions ranging from 2.55–2.60 log (P > 0.05). Increasing pressure to 400 MPa resulted in 
greater inactivation across all serovars, with S. Agona achieving the highest reduction (4.53 
log), followed by Senftenberg (4.23) and Heidelberg (4.02). S. Typhimurium exhibited 
intermediate resistance at both pressure levels, with reductions of 2.44 and 3.75 log at 300 
and 400 MPa, respectively.

Significance: These findings show distinct serovar-dependent HPP resistance patterns in a 
complex pet food matrix. Based on their contrasting barotolerant profiles, S. Enteritidis and 
S. Typhimurium will be selected for surrogate validation studies with generic E. coli and E. 
faecium.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: The concern over carryover of drug and other additives residue in animal 
foods is primarily associated with the production of medicated feed when non-medicated 
feed is also manufactured using the same equipment. It also applies to other additives when 
customers of the same feed mill require a non-detectable presence of animal source 
proteins, and fermentation process residuals in their respective feed. 

Purpose: This research focused on validating feed sequencing and equipment flushing in 
two “self-cleaning” bucket elevators using Tracer F-blue, a food dye-coated magnetic iron 
particle, and developing an equation for ease of quantification. 

Methods: Flushing was studied between two similar bucket elevators: one for pre-heat-
treated and the other for post-heat-treated animal feed. For a bucket elevator, three 
replicates with each consisting of a tracer-carried feed, flush material, and carryover feed, 
resulting in a total of 162 samples. The tracer was extracted from the feed mash using a 
magnetic rotary detector and blue spots developed on the filter paper, counted and 
recorded. The percentage of cross-contamination in the carryover feed was determined.

Results: There existed a significant difference in the residual amount of material in the boots 
of the two bucket elevators, which was not affected (p = 0.89) by the tonnage of feed 
produced or run days before equipment cleanout. Also, the recovery of Tracer F-blue varied 
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significantly (p =0.017) among replicates but consistently predicted the CV of mixer 
uniformity. Also, Tracer F-blue indicated that cross-contamination was less than 1% across 
replicates and the two bucket elevators. 

Significance: The consistent amount of residue recovered in the boots of the two 'self-
cleaning' bucket elevators suggests that running a base mix to fill the boots and other 
spaces immediately after equipment cleanout can effectively help control cross-
contamination. 

 Award Application: Developing Scientist Award 

Page 1310 | 2023
1680



  

 P3-103: IMPACT OF CLEANING AND SANITATION ON 
SALMONELLA ADHESION ON STAINLESS STEEL SURFACES 
FOR MULTIPLE FOOD POWDERS 

Primary Author:
 Emily Woodyard, Michigan State University 

Persons:
 Emily Woodyard, Michigan State University 

 Hannah Moore, Michigan State University 

 Michael James, Michigan State University 

 Ian Hildebrandt, Michigan State University 

 Sanghyup Jeong, Michigan State University 

 Bradley Marks, Michigan State University 

 Presentation type/Format: Poster 

 Category: Low-Water Activity Foods 

 

Abstract:
 

Introduction: Salmonella is the primary pathogen of concern in low-moisture foods and 
processing environments. Salmonella’s ability on powder particles to adhere to processing 
equipment surfaces is poorly understood, with the impact of food composition and 
appropriate cleaning/sanitation practices remaining a major gap. 

Purpose: This study is designed to evaluate 6 food powders to determine the impact of dry 
brush cleaning and UV sanitation on Salmonella adhesion to stainless steel surfaces. 

Methods: Animal-based (egg white, whey protein, whole milk) and plant-based powders 
(almond, cocoa, and coconut) were tested. Powders (100 g) were inoculated with an agar-
grown 6-serovar Salmonella cocktail (1 mL), then hand massaged to distribute inoculum 
throughout the sample. A custom-built, triboelectric powder coating device was used to fully 
coat stainless steel coupons. Coupons were brushed (10 strokes/cardinal direction) until 
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visibly clean, then UV-treated for 20 min. All coupon samples were combined with peptone 
water and hand massaged. Samples were serially diluted, plated on a differential/non-
selective agar, incubated (37°C, 48 h) and survivors enumerated. ANOVA (α = 0.05) was used 
to evaluate the impact of powder type on Salmonella adhesion and subsequent removal via 
dry cleaning and sanitation. 

Results: For coupons fully coated with powders, significantly (p< 0.05) more Salmonella was 
present for animal-based powders than for plant-based powders. Once visibly cleaned, 
Salmonella adhering to the coupons ranged from 0.87–3.00 log CFU/cm2. No significant 
differences in the efficacy of UV treatment were observed between animal and plant-based 
powders; however, additional data are needed to quantify the impact of food composition on 
cleaning and sanitation efficacy. 

Significance: These results demonstrate a need to consider the food powder when 
determining dry cleaning and sanitation efficacy for reducing Salmonella populations on food 
processing equipment.

 Award Application: Undergraduate Student Award 
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Abstract:
 

Introduction: The manner pecans are harvested lends to the potential for foodborne 
pathogen contamination. Understanding the factors that contribute to contamination during 
harvest is important to determine best practices.

Purpose: Evaluate environmental dynamics that influence the potential transfer of E. coli 
from the soil to in-shell pecans during harvest.

Methods: Each week over a 5-week period, plots (1x2 m) in a pecan orchard were inoculated 
with a rifampin-resistant strain of Escherichia coli. Following inoculation pecan trees near the 
plots were harvested. Pecan and soil samples were collected in the plots immediately, 1 day, 
and 2 days after harvest to determine E. coli levels in the soil and on the pecans were 
determined by plating on TSA supplemented with rifampin. Pecan and soil moisture, 
temperature, relative humidity, soil composition, shell moisture, and rainfall was measured. 
A structural equation model (SEM) was used to characterize the direct, indirect and total 
effect of these factors on E. coli transfer to pecans during harvest.
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Results: The factor most strongly associated with E. coli concentration on pecans was E. coli 
concentration in the soil (0.51; 95% CI=0.40, 0.63), but did it not significantly associated with 
transfer rate (0.06; 95% CI=-0.14, 0.25). Other factors strongly associated with E. coli 
concentrations on pecans were week (0.47; 95% CI=0.43, 0.51), soil moisture (0.44; 95% 
CI=0.33, 0.55) and soil temperature (-0.27; 95% CI=-0.36, -0.17). Soil-to-shell transfer was also 
strongly associated with rain (0.22; 95% CI=0.016, 0.30), week (0.21; 95% CI=0.15, 0.27), shell 
moisture (-0.14; 95% CI=-0.26, -0.04), and days post-inoculation (0.14; 95% CI=0.04, 0.24).

Significance: The results of this study show how SEM can be utilized to understand microbial 
transfer in food production settings, and how environmental factors impact microbial 
transfer to pecans during harvest which can be used to determine optimal conditions to 
harvest.
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Abstract:
 

Introduction: Salmonella and Shiga toxin-producing Escherichia coli (STEC) are two major 
bacterial pathogens responsible for outbreaks linked to wheat flour. The survival of these 
pathogens on wheat grain is well documented. However, the subsequent addition of 
moisture during grain tempering may facilitate movement of the pathogens, contaminating 
previously uncontaminated kernels during processing. 

Purpose: This study aims to quantify the potential for cross-contamination during wheat 
tempering. 

Methods: For both pathogens, 5 strains of each were streaked onto Luria Bertani agar 
supplemented with rifampicin (LBr) and incubated at 37°C. Lawn cultures were harvested 
and transferred to Butterfield’s buffer to create an inoculum. Soft white wheat was 
inoculated and equilibrated for 48 hrs before tempering. After equilibration, 55 g quantities 
each of the inoculated white wheat and uninoculated hard red wheat – confirmed negative 
for pathogens – were combined with 5.2 mL of water to achieve a 4% increase in moisture 
content and tempered. After 16.5 hrs tempering, kernels were separated by color, diluted 
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with Butterfield’s buffer, homogenized, and plated onto LBr to enumerate cross-
contamination. For each pathogen, three biological replicates were assessed. 

Results: Log reduction was calculated from pre- and post-tempering pathogen counts. 
Reductions from the initial inoculation level of 4.1 ± 0.3 log CFU/g for Salmonella and STEC 
ranged from 1.73 ± 0.13 and 1.89 ± 0.25 CFU/g, respectively. Pathogen transfer was 
quantified by comparison of pre- and post-tempering pathogen levels on each color of 
wheat, expressed as the percentage of total recovered cells present on previously 
uninoculated grain. Transfer of Salmonella and STEC ranged from 4–34% and 22–46%, 
respectively.

Significance: These results, demonstrating the potential for pathogen transfer during wheat 
tempering, are important for the development of microbial risk assessments of Salmonella 
and STEC on wheat grain.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Salmonella is a leading cause of foodborne hospitalizations, with increasing 
outbreaks linked to low-water activity (low aw) foods. In high-fat matrices like chocolate, low 
moisture protects the pathogen from environmental desiccation and gastric acid, resulting in 
high virulence even at low contamination levels.

Purpose: This study aimed to correlate the chemical composition of raw ingredients with 
Salmonella survival mechanisms during storage and thermal processing of chocolate. 

Methods: Two cocoa powders (Dutch and Dark; with Dark having the higher pH) and two 
milk powders (MP) were inoculated with Salmonella Typhimurium ATCC SL1344 (106 CFU/g; 
n=9, 1-g samples) and stored at 22°C for 14 days. Inoculated milk powders were then used at 
a 20% inclusion rate in laboratory chocolate production, with survival evaluated during 
heating at 50°C and 80°C for 60 minutes. Statistical analysis performed using one-way 
ANOVA followed by Tukey-Kramer HSD.  

Results: Initial populations were 106 CFU/g. During storage, Salmonella survival was 
dependent on the type of cocoa. Highly alkalized Dark cocoa showed a 4-log CFU/g reduction 
over 8 days, while the Dutch cocoa powder exhibited higher persistence, with only a 2-log 
reduction. For MP, populations remained stable after a 1-log decrease after 2 days of storage. 
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In chocolate processing at 50°C, Israeli MP maintained 8x105 CFU/g, whereas samples using 
MP originating from the USA dropped to 4x105 CFU/g. Increasing temperature to 80°C 
reduced survival to 2x104 CFU/g and 5x104 CFU/g, respectively. Metabolic analysis confirmed 
distinct fatty acid and sugar profiles between varieties.

Significance: These findings demonstrate that higher alkalization in cocoa and specific lipid/
sugar profiles in MP significantly enhance Salmonella resistance to desiccation and thermal 
stress, impacting safety protocols in chocolate manufacturing, and informing better risk 
assessment for chocolate manufacturing.
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Abstract:
 

Introduction: Flour has been implicated in several Salmonella-associated outbreaks and 
recalls. Although flour is commonly used in baked goods, Salmonella can be transmitted 
through handling and consumption of raw flour products such as cookie dough.

Purpose: This study aimed to develop a non-thermal, moisture-less treatment to reduce 
Salmonella in flour while maintaining flour functionality. The approach targets the 
susceptibility of Salmonella to oxidative and acid stress.

Methods: Wheat flour (100 g) was spray-inoculated with Salmonella serotypes Enteritidis and 
Montevideo to ~5 log CFU/g. The flour was supplemented with L-cysteine and sprayed with 
0.1% (w/v) acetic acid, then passed through a UV-C tunnel. Treated flour was packaged in 
Ziplock bags and stored at 23°C for 15 days. Samples (10 g) were collected periodically to 
enumerate Salmonella survivors after resuscitation in TSB-glycerol. Two replicates of each 
sample were analyzed. Salmonella counts (log CFU/g) were analyzed using two-way ANOVA to 
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evaluate treatment, storage time, and their interaction. Significant differences were 
determined using Tukey’s test (p < 0.05). Log reductions were analyzed using one-way ANOVA 
with Tukey’s test.

Results: S. Montevideo declined by 0.47 log CFU in control flour during 15 days of storage. 
Flour treated with L-cysteine or acetic acid before UV-C did not produce significantly greater 
reductions than the control. However, the combined treatment of L-cysteine, acetic acid, and 
UV-C resulted in a 1.21 log CFU reduction, significantly greater than untreated flour. 
Treatment with L-cysteine and UV-C achieved approximately a 2-log CFU reduction of S. 
Enteritidis. Bread prepared with treated flour showed no significant differences in loaf 
volume or crumb hardness compared with untreated flour. L-cysteine also enhanced gluten 
aggregation, reducing dough mixing time.

Significance: The combination of L-cysteine, acetic acid, and UV-C reduces the risk of 
Salmonella in milled flour.

 Award Application: Developing Scientist Award 

Page 1320 | 2023
1690



  

 P3-108: SURVIVAL DYNAMICS OF ESCHERICHIA COLI IN 
FOOD POWDERS DURING STORAGE AT DIFFERENT 
TEMPERATURES 

Primary Author:
 Xinyue Wu, University of Georgia, Dept. of Food Science and Technology 

Persons:
 Xinyue Wu, University of Georgia, Dept. of Food Science and Technology 

 Jinru Chen, Department of Food Science and Technology, The University of Georgia 

 Presentation type/Format: Poster 

 Category: Low-Water Activity Foods 

 

Abstract:
 

Introduction: Outbreaks of human gastrointestinal infections have been linked to low-water 
activity foods.

Purpose: The study aimed to assess the effects of storage temperature, storage time, and 
bacterial strain type on the survival trends of inoculated E. coli in different food powders.

Methods: Three types of low-moisture foods, sprouted chia/flax seed powder, whole wheat 
flour, and moringa powder, were inoculated with ~5 log CFU/g of four individual strains of 
nalidixic acid (NA) resistant E. coli, 177, 178, 1212, and 1238. Inoculated samples were stored 
at refrigeration or room temperature for 6 months. NA-resistant bacterial populations and 
the populations of total aerobes (TA), total yeasts and molds (YM), and total coliforms (TC) 
were determined monthly throughout the storage. Uninoculated food powers served as 
controls. Data was analyzed using the Statistical Analysis Software (α = 0.05).

Results: All evaluated groups of microorganisms exhibited higher population in samples 
stored at refrigeration than at room temperature. Most of the microbial groups 
demonstrated a declining trend from the initial to subsequent months of storage, except for 
the populations of YM. Chia/flax seed powder and wheat flour had similar TC and NA-
resistant bacterial counts, and these counts were higher than those in the moringa 
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powder. Chia/flax seed powder had the highest YM counts, followed by wheat flour and 
moringa powder, and wheat flour has the highest TA counts, followed by chia/flax seed 
powder and moringa powder.  Samples inoculated with isolate 1238 had the highest 
surviving populations of TC, TA, and NA resistant bacterial counts, and those inoculated with 
isolate 177 had the lowest TC- and NA-resistant bacterial counts. 

Significance: These findings suggest that E. coli can persist for extended periods in low-
water activity food powders under certain storage conditions, underscoring the importance 
of incorporating microbial persistence into food safety risk assessments. 

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Applying multiple non-thermal treatments product could improve their 
decontamination efficacy in food products without compromising quality. 

Purpose: This study evaluated the effects of UV-C and acidic water tempering treatments in 
reducing the Shiga toxin-producing E. coli (STEC) contamination on wheat grains and its 
potential effects on the wheat flour produced. 

Methods: Hard red winter (HRW) wheat grains were inoculated (high: 6.4 ± 0.1 log CFU/g and 
low: 3.3 ± 0.1 log CFU/g) with STEC O121/O26 and treated with UV-C (255 to 280 nm; 0 to 80 
mins exposure time) alone or in combination with acidic water (5% lactic acid - LA) tempering 
(18 h). The experiment was done with three independent replications. 

Results: UV-C exposure (280 nm) from 10–80 mins resulted in STEC load reductions (P < 
0.0001) ranging from 1.4–2.3 logs and 0.4–1.3 logs at high and low inoculation levels, 
respectively. Combining both acidic water tempering and UV-C (280 nm, 40 mins) resulted in 
an STEC load reduction of 2.3–3.3 logs within 12 h of tempering. The combined treatments 
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(UV-C and LA) showed a synergistic effect (O/E > 1; 1.1–1.3) on reducing the pathogenic E. coli 
load of wheat; this combined treatment shortened the time required (� 6 h) for a 3-log 
reduction relative to the other treatments. This was supported by the lower (P < 0.05) 
predicted time required for a 3-log reduction (� 9.4 to 13.0 h) relative to the individual 
treatments (� 28.9 h). The LA/UV tempering treatment produced whole wheat flour with 
comparable quality as whole wheat flours produced from the other treatments (control, LA, 
and UV). 

Significance: This study demonstrated the potential of UV-C and acidic water tempering as 
an effective hurdle approach combination for mitigating E. coli contamination on wheat 
grains without affecting quality. These findings can be used as basis for addressing enteric 
pathogen contamination of whole wheat flour products. 

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Wheat milling lacks a validated pathogen ‘kill step’ allowing contamination to 
persist through flour production and recalls. Aqueous chlorine dioxide (ClO₂)-assisted 
tempering improves microbial safety while preserving grain quality. However, commercial 
validation requires a safe surrogate representing pathogen behavior under low-moisture 
conditions.

Purpose: This study evaluated ClO₂ efficacy against pathogens and surrogates while 
assessing effects on enzymatic activity and bake quality. ClO₂ concentrations and exposure 
times were optimized using kinetic modeling.

Methods: Pathogenic strains included Salmonella enterica (Newport ATCC 6962, Typhimurium 
ATCC 14028, Kentucky ATCC 9263) and Escherichia coli O121 & O26 (ATCC 2219 & 2196), with 
Enterococcus faecium as surrogate. Inoculated wheat kernels were exposed to ClO₂ (300–1500 
ppm) for 0–24 h. Microbial enumeration, enzymatic assays (lipase, lipoxygenase, peroxidase, 
polyphenol oxidase), germination, and baking tests were conducted. Inactivation 
mechanisms were explored using molecular and spectroscopic techniques. Kinetic modeling 
and ANOVA with Tukey HSD were applied.
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Results: ClO₂ treatment reduced pathogenic populations in a concentration-dependent 
manner, achieving 4.1 and 4.5 log CFU/g reductions at 1500 ppm after 24 h for Salmonella 
and E.coli, respectively. Kinetic modelling showed biphasic inactivation with t3D values from 
80 h to 4 h. Surrogate organisms showed comparable or greater resistance (3.9 log CFU/g 
reduction at 1500 ppm/24 h) confirming treatment robustness. Molecular analysis indicated 
microbial inactivation resulted from oxidative disruption of cellular components. Enzymatic 
activities linked to oxidative damage decreased >90% at 1500 ppm. Conventionally and ClO₂-
tempered wheat showed similar bake quality (loaf volume 564 ± 2.08; cells 4209 ± 110; p > 
0.05).

Significance: ClO₂ tempering is a promising intervention that targets pathogens while 
enabling surrogate validation

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Salmonella and Listeria are critical pathogens of concern in low-moisture foods, 
and their surrogates are widely used by industry for process validation. However, limited 
data are available on their thermal resistance under complex drying and roasting conditions.

Purpose: The objective is to measure the thermal death kinetics of Salmonella (Sa) and 
Listeria monocytogenes (Lm) and their surrogates, E. faecium NRRL B-2354 (Ef) and Listeria 
innocua (Li) at different temperature and RH relevant to drying/roasting processes.

Methods: Silica gel (SG) was conditioned at 100°C and RH (0–40%). The moisture content 
(MC) and high-temp (80–140°C) aw of the conditioned SG were measured. SG with varying MC 
was then placed in thermal aw cells to control RH during isothermal treatments of bacterial 
cultures. They are 1) Sa cocktail (S. Enteritidis PT30 ATCC BAA-1045, S. Tennessee K4643, and 
S. Mbandaka 698538), 2) Ef NRRL B-2354; 3) Lm cocktail (Lm NRRL B-33053, B-33466 and 
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B-57618); and 4) Li NRRL B-33197. Cultures were harvested from TSAYE plates, mixed (for 
cocktail), inoculated into sand, dried at room temp (<16% RH), and subjected to thermal-
resistance testing (80–140°C) under controlled RH (0–40%).

Results: All four cultures exhibited log-linear inactivation kinetics to survival and thermal 
treatment time and demonstrated similar responses to temp and RH. The Dref (at 110°C & 
0% RH) of Lm & Li were 10.9 & 12.6 min, comparable to each other. Whereas Sa and Ef 
showed higher Dref values (40.3 and 80.8 min), indicating greater thermal resistance. ZRH 
value, indicating sensitivity to RH change, were similar for Lm and Li (14.4 & 16.0% RH), while 
Sa showed the highest ZRH (19.2% RH), followed by Ef (17.5% RH). Likewise, ZT values were 
comparable for Lm and Li (20.7 & 22.5°C), higher than that of Ef and Sa cocktail (17.1°C & 
18.6°C).

Significance: Data presented herein will contribute to enhancing process validation of food 
drying, thereby improving food safety.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Beef jerky is a popular ready-to-eat, shelf-stable product increasingly made by 
home preservers using freeze-drying (FD); however, FD does not eliminate foodborne 
pathogens, requiring validated pretreatment strategies for microbial inactivation. 

Purpose: Identify a citric acid-marinade-heat pretreatment combination that provides a �5-
log CFU/cm2 bacterial reduction in jerky prior to FD. 

Methods: Beef samples (1 in × ¼ in × 2.5 in) were irradiated at 12 kGy before pretreatment. 
Eight pretreatment combinations of citric acid (2.5 g or 7.5 g; marinade pH 3.3 and 2.65, 
respectively), marination time (2 or 24 h), and oven heating (5 or 10 min) at 275°F were 
evaluated. Samples were spot-inoculated with surrogate strains of Escherichia coli and 
Salmonella enterica and air-dried to allow bacterial attachment prior to marination. Microbial 
populations were enumerated at four stages: untreated control, post-inoculation, post-
marination, and post-heat treatment. The experiment was conducted as a randomized 
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complete block design with three biological replicates per treatment combination.

Results: Reductions of both S. enterica and E. coli were significantly influenced by the 
interaction of citric acid concentration, marination duration, and heat treatment (p<0.001). 
The pretreatment combination of 24 h marination with 7.5 g citric acid followed by 10 min 
heating produced the greatest lethality, achieving 7.85 ± 0.16 log CFU/cm² reduction of S. 
enterica and 7.58 ± 0.19 log CFU/cm² reduction of E. coli. The limit of detection for pathogen 
enumeration was 0.9 log CFU/cm².

Significance: Establishing evidence-based interventions that achieve �5-log CFU reductions 
prior to FD can reduce foodborne illness risk as home use of freeze-dryers continues to 
expand. 

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Dry-cleaning interventions in low-moisture food (LMF) production 
environments remain poorly understood, particularly regarding the efficacy of pushing-
through material for removing Salmonella from food equipment contact surfaces.

Purpose: To evaluate the removal of Salmonella in two auger systems contaminated with 
Salmonella-inoculated wheat flour (WF) using dry push-through with WF and corn meal (CM).

Methods: The auger system was primed by pushing through 250g of non-inoculated WF, 
then contaminated with 100g of Salmonella-inoculated WF to mimic an adverse event caused 
by contaminated ingredients. Non-inoculated WF or CM (1000g) was then used to purge the 
auger. Triplicate samples (1–2g) were collected after various amounts (n�8) of product push-
through, and the internal surfaces of the auger assembly were swabbed. Salmonella was 
enumerated on differential media, and population was compared using analysis of variance 
to evaluate the cleaning performance of WF and CM in seamless and multi-section sanitary 
tube auger setups. Three trials were performed. 

Results: After 110g of push-through, >5log CFU/g of Salmonella removal was seen, 
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with remaining Salmonella populations ranging from 1.05 (WF in seamless) to 2.53 (CM in 
multi-section) log CFU/g. In the seamless setup, CM exhibited significantly higher (p<0.05) 
Salmonella decay rate than WF, but no difference was found in the multi-section tube. Auger 
design did not significantly affect the Salmonella decay rate for either WF or CM (p>0.05). 
However, irregularly high Salmonella populations were intermittently detected with multi-
section tube, whereas no Salmonella above the limit of detection (~0.7 log CFU/g) was 
enumerated after 110g of push-through in seamless tube.

Significance: Although dry push-through effectively reduced Salmonella, even minor 
changes in the hygienic design of equipment can limit the effectiveness of product push-
through to remove pathogens from processing equipment in LMF processing.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Over the past seven years, 21 of 22 pet food outbreaks were linked to 
Salmonella, demonstrating the public health risk of contaminated pet food through human 
illness, recalls, and economic losses. Detecting Salmonella in low-moisture pet food is 
challenging, requiring rapid, highly sensitive PCR methods to identify low-level 
contamination before distribution.

Purpose: This study evaluated the performance of a real-time PCR assay for the detection 
and molecular colony confirmation of Salmonella in 375 g dried pet food samples. 

Methods: Method performance was assessed using relative level of detection (RLOD), 
inclusivity, and sensitivity studies, with results compared to FDA and ISO reference methods. 
RLOD and sensitivity testing employed multiple enrichment protocols followed by real-time 
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PCR analysis incorporating an optional DNA removal step and PCR-based colony 
confirmation. Additional inclusivity testing was conducted using Salmonella strains isolated 
from low-moisture matrices (n = 12), prepared at 10⁶ CFU/mL. All studies were performed at 
ADRIA (Quimper) or Q Laboratories (Cincinnati).

Results: The assay demonstrated 100% inclusivity for target organisms, RLOD and sensitivity 
performance comparable to reference methods, and full agreement between PCR-based and 
reference colony confirmations. Difference of POD (Probability of Detection) analysis showed 
no statistically significant differences between alternate and references methods, with all 
95% confidence intervals containing the zero point. 

Significance: These results indicate that the BAX® System Real-Time PCR Assay for 
Salmonella provides a reliable approach for detecting low-level contamination in pet food, 
supported by flexible, globally certified enrichment protocols, a DNA removal step, and an 
alternative molecular colony confirmation strategy that may help reduce product release 
times.
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Abstract:
 

Introduction: Although infrequent, Salmonella contamination in chocolate poses a 
significant public health risk because the low-moisture, high-fat matrix supports long-term 
survival, illness may result from very low-contamination levels, and routine hygiene 
monitoring may fail to detect the organism.

Purpose: This study evaluated the performance of a real-time PCR assay for screening and 
molecular colony confirmation of Salmonella in 375 g cacao and chocolate matrices. 

Methods: Method performance was assessed using relative level of detection (RLOD), 
inclusivity, and sensitivity studies, with results compared to FDA and ISO reference methods. 
RLOD and sensitivity testing employed multiple enrichment protocols followed by real-time 
PCR analysis incorporating optional DNA removal and a PCR-based colony confirmation 
procedure. Additional inclusivity testing was performed using Salmonella strains isolated 
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from low-moisture matrices (n = 12), prepared at 10⁶ CFU/mL. All studies were conducted at 
ADRIA (Quimper) or Q Laboratories (Cincinnati).

Results: The assay demonstrated 100% inclusivity for target organisms, RLOD and sensitivity 
performance consistent with reference methods, and full agreement between PCR-based 
and reference colony confirmations. Difference of POD (Probability of Detection) analysis 
showed no statistically significant differences between alternate and reference methods, 
with all 95% confidence intervals containing the zero point.

Significance: Collectively, results show the BAX® System Real-Time PCR Assay for Salmonella 
enables sensitive detection in chocolate matrices with flexible enrichment options, optional 
dead DNA removal, and molecular colony confirmation providing further ease of use.
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Abstract:
 

Introduction: Dried foods may be contaminated with human pathogens through transfer 
from dry surfaces including soil, other products or facilities surfaces during processing. 
Ready-to-eat dry products are often pasteurized and require validated processes.

Purpose: Develop a repeatable dry transfer inoculation method to mimic dry contamination 
on dried products that vary in size, shape, and proximate composition.

Methods: Pathogens (Salmonella, E. coli, and Listeria monocytogenes) and non-pathogenic 
surrogates (Enterococcus faecium and Pediococcus acidilactici) were grown to ~10 log₁₀ CFU/mL 
and applied to sterile silicon beads or sand, producing a target of 8.5 log₁₀ CFU/mL. Carriers 
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were dried overnight in a biosafety cabinet. Products were combined with carriers at varying 
weight ratios, mixed in 50 mL tubes using a rotator (n=3) for different times and then 
separated by sieving. Bacteria were enumerated from products following serial dilution and 
plating on selective media, with incubation at 37°C for 24–48 h.

Results: Product-specific dry inoculation methods consistently achieved target levels of 6–7 
log₁₀ CFU/g for individual pathogens and surrogates. Product size was the most important 
factor for carrier selection, as void spaces influenced carrier transfer (p < 0.05); proximate 
properties also affected the carrier selection. No significant differences in bacterial load were 
observed among different product-to-carrier ratios (p > 0.05).

Significance: Dry inoculation simulates real-world contamination of dried foods, and co-
inoculation with surrogates enables improved thermal inactivation studies and more reliable 
pathogen comparisons to enhance food safety.
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Abstract:
 

Introduction: Spices are often perceived as an unlikely source of foodborne illness due to 
their natural antimicrobial compounds; however, recent recalls and outbreaks have raised 
concerns about their microbiological safety. The detection of pathogens in spices remains a 
challenge as bioactive compounds may adversely affect microbial survival, recovery, and 
growth.

Purpose: This study evaluated the performance of a rapid real-time PCR method compared 
to the FDA BAM reference method for the detection of Salmonella species in a variety of 
herbs and spices, following AOAC INTERNATIONAL Official Methods of Analysis Appendix J.

Methods: Separate validation studies were conducted for ground basil (125 g), black pepper 
(375 g), cumin (375 g) and cinnamon (37.5 g). Each matrix was inoculated with a different 
Salmonella species at a low level expected to yield fractional positives and a high level 
expected to yield all positives. Additional samples were included as controls. Following a 2-
week equilibration at room temperature, 30 test portions were prepared for each method 
(test and reference). Samples were enriched and analyzed according to the respective 
method protocols.

Page 1339 | 2023
1709



Results: At the low-inoculation level, the real-time PCR assay detected Salmonella in 5/20 
ground basil samples, 12/20 black pepper samples, 18/20 cumin samples, and 15/20 
cinnamon samples. At the high inoculation level, all matrices produced 5/5 positive samples, 
with the exception of cinnamon (4/5). All real-time PCR results were identical to culture. The 
probability of detection (POD) between the test and reference methods showed no 
significant differences at a 95% confidence level for any matrices tested.

Significance: These results demonstrate that the BAX® System Real-Time PCR assay is 
accurate and reliable for the detection of Salmonella in herb and spice matrices, with results 
equivalent to the reference method but with a substantially faster time to results, providing 
timely food safety decisions.
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Abstract:
 

Introduction: Pathogenic E. coli is recognized as a “known or reasonably foreseeable food-
related biological hazards” in nuts and seeds. Studies have demonstrated that this organism 
can survive for extended periods of time in low-moisture foods and withstand thermal 
processing that would typically inactivate them. Together these factors present an ongoing 
challenge to product safety and pose adverse implications for consumer health.

Purpose: In this study, the performance of three real-time PCR assays was compared to the 
FDA BAM reference method for the detection of Shiga toxin-producing Escherichia coli in 
peanut butter. 

Methods: Bulk portions of peanut butter were inoculated with a heat-stressed E. 
coli O157:H7 culture to create low and high levels of contamination. Samples were blended 
for uniform distribution, equilibrated for 2 weeks and enumerated right before use. Thirty 
unpaired samples were then created for the test method (375 g) and the FDA BAM method 
(25 g), consisting of 5 uninoculated controls, 20 low fractional and 5 high. Test method 
samples were enriched in BPW and analyzed by real-time PCR. Both test method and 
reference method samples were confirmed by culture.

Results: For the test method, all three real-time PCR assays returned consistent positive 
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results for 8/20 low inoculated samples and 4/5 high inoculated samples at 20 and 24 hours. 
All 5 uninoculated controls returned negative results. All PCR results were identical to culture 
with 100% sensitivity and 100% specificity. The difference in the probability of detection 
(dPOD) between the test and reference method showed no significant difference. 

Significance: Overall, the BAX® System Real-Time PCR assay for E. coli O157:H7 Exact, Real-
Time E. coli O157:H7 and STEC Screening are validated fit-for-purpose with statistical 
equivalence to the reference method for the detection of STEC in 375 g samples of peanut 
butter. 
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Abstract:
 

Introduction: Powdered infant formula is not a sterile product, and despite stringent 
manufacturing controls, it can become contaminated with foodborne pathogens. Salmonella 
has been implicated in both outbreaks and sporadic cases of illness in infants. Given the 
vulnerability of infants, safeguarding the microbiological safety of powdered infant formula 
is critical.

Purpose: This study was designed to evaluate the performance of a commercial real-time 
PCR assay compared to the FDA BAM reference standard for the detection of Salmonella from 
375 g test portions of powdered infant formula using an optional secondary 3-hour 
regrowth.

Methods: Paired test portions were inoculated with a heat-stressed Salmonella Agona 
culture at a low level expected to yield fractional positive results (n=20) and a high level 
expected to be all positive (n=5). Five additional samples were left uninoculated for controls. 
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Samples were equilibrated at room temperature for 2 weeks and then enriched following the 
FDA BAM Chapter 5 reference method. Aliquots were removed and tested directly from the 
primary enrichment and with a secondary 3-hour BHI regrowth. All samples were confirmed 
by culture. 

Results: For the test method, 14/20 low-inoculated and 5/5 high-inoculated samples were 
detected by real-time PCR, and all were confirmed to be correct by culture. There was no 
difference in results when processed with or without the BHI regrowth. Statistical 
significance was determined using the probability of detection (POD), which indicated no 
differences between the test and reference method results.

Significance: The study results demonstrate that the BAX System Real-Time PCR assay is 
sensitive, specific, and accurate for the detection of Salmonella species in 375 g samples of 
powdered infant formula in 22–26 hours.
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Abstract:
 

Introduction: Almond Board of California (ABC) guidance requires removing hot inoculated 
sample packs from the roaster before the cooler, chilling them in an ice or chilled water bath, 
and then processing and microbial enumeration within 24 h. Introducing water into low-
moisture facilities is problematic, and processing samples in �1 day can be logistically 
challenging.  

Purpose: To evaluate cooling method (crushed ice and ice packs) and extended hold times 
on the recovery of Enterococcus faecium NRRL B-2354 from thermally treated almonds.  

Methods: Almonds were inoculated with a lawn-harvested cell suspension of E. faecium and 
then dried to a moisture level of 4.0–5.5% at ambient temperatures. Dried almonds (100 g) 
were spread on a metal mesh tray, heated in a convection oven at 168°C for 12 min, held at 
room temperature for 30 s, transferred to sterile bags, cooled on either crushed ice or ice 
packs for 1 h, and then stored at 4 ± 2°C. E. faecium was enumerated on tryptic soy agar (TSA) 
and Slanetz and Bartley (S&B) agar at 0, 24, 48, and 72 h. Data from two biological replicates 
with triplicate samples (n = 6) were analyzed using ANOVA in JMP Student Edition 18.  
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Results: There was no significant difference in counts on TSA or S&B agar at any time point 
(P < 0.05). Initial counts of E. faecium on almonds were 8.0 ± 0.3 log CFU/g. No significant 
difference (P < 0.05) in E. faecium reductions was observed between the two cooling methods 
or across holding times up to 72 h. Mean and range reductions were 5.8 ± 0.5 (5.2–6.6), 5.2 ± 
0.8 (3.9–6.5), 6.1 ± 0.8 (4.8–6.9), and 5.6 ± 0.9 (4.0–6.8) log CFU/g for samples cooled with 
crushed ice, and 5.5 ± 1.0 (4.3–6.7), 5.6 ± 1.0 (4.2–7.0), 5.6 ± 1.0 (4.6–7.1), and 5.2 ± 0.6 (4.0–
6.3) log CFU/g for samples cooled with ice packs, at 0, 24, 48, and 72 h, respectively. 

Significance: These findings support updating ABC guidance with the use of ice packs for 
sample cooling and by extending sample holding times to �72 h. 
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Abstract:
 

Introduction: In October 2025, USFDA, CDC, and state/local partners investigated a 
Salmonella Richmond outbreak linked to moringa leaf powder imported from India, resulting 
in 11 illnesses in seven states and three hospitalizations. 
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Purpose: Provide investigational findings and outcomes for an outbreak involving a rare 
Salmonella serotype in the U.S. linked to an uncommon vehicle.  

Methods: An illness was defined as infection with S. Richmond with an isolate related by 
whole genome sequencing (WGS) to the outbreak strain and illness onset from May 12 to 
September 4, 2025. Traceback analysis and facility inspections were conducted per standard 
FDA practices.  

Results: Of ill people with information available, 90% (9/10) specifically reported 
consumption of moringa leaf powder, or dietary supplements containing moringa leaf 
powder, prior to illness. FDA’s traceback investigation included nine ill people from six states 
who purchased product from eight points of service (POS). Products containing a common 
lot of moringa leaf powder, sourced from a single manufacturer in India, supplied to the 
eight POS could explain all nine illnesses included in the traceback investigation. Two dietary 
supplement retain samples containing moringa leaf powder collected by FDA from a 
domestic manufacturer were positive for the outbreak strain. Open samples of three unique 
brands of product, either moringa leaf powder or a dietary supplement containing moringa 
leaf powder, collected by state partners from the household of ill people, were also positive 
for the outbreak strain. Four brands of moringa leaf powder, or dietary supplements, were 
recalled as a result of this outbreak investigation. 

Significance: Epidemiologic, traceback, and laboratory evidence confirmed moringa leaf 
powder sourced from a single manufacturer in India was the source of this outbreak. This is 
the second outbreak of Salmonella in the U.S. linked to moringa leaf powder.
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Abstract:
 

Introduction: Cronobacter sakazakii is a foodborne pathogen associated with low-moisture 
processing environments. The pathogen is desiccation-tolerant, especially in its biofilm state, 
and can persist on food contact surfaces for extended periods. However, survival outcomes 
can vary based on relative humidity (RH) and the presence of food residues.

Purpose: To determine the survival of C. sakazakii biofilms on stainless steel (SS) during 
storage at 33 or 53% RH with or without powdered infant formula (PIF) matrix.

Methods: Biofilms of C. sakazakii were prepared on SS at 7 log CFU/coupon with or without 
water-reconstituted PIF (RPIF). Coupons were stored at 25°C and 33 or 53% for up to 60 d. At 
selected intervals, triplicate coupons for each condition were rinsed with Bufferfield’s 
phosphate buffer (BPB) to remove loosely attached cells and then coupons were massaged 
with BPB to dislodge biofilm cells. Both cell types were serially diluted and plated onto brain 
heart infusion agar. Three trials were conducted and statistical differences in populations 
were assessed via ANOVA with significance set at p<0.05. 

Results: Initial C. sakazakii biofilm populations on SS with and without RPIF were 7.48±0.08 
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and 6.66±0.05 log CFU/coupon, respectively. After 7 d of storage at 33 or 53% RH, no 
significant differences in biofilm populations were observed on SS. After 60 d of storage at 33 
and 53% RH, biofilm populations on SS without RPIF significantly reduced to 5.87±0.26 and 
5.89±0.38 log CFU/coupon, respectively. With RPIF, the biofilm population on SS after 60 d of 
storage at 33% RH was significantly reduced to 6.84±0.23 log CFU/coupon, however the 
population did not significantly decrease at 53% RH (7.17±0.17 log CFU/coupon). 

Significance: Results of this study indicate that C. sakazakii biofilms can persist on SS and 
that RH and food residue may contribute to survival. 
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Abstract:
 

Introduction: Cronobacter sakazakii is a desiccation-resistant pathogen that forms persistent 
biofilms in low-moisture processing environments. Despite routine sanitation, these biofilms 
may survive chemical interventions. This study aimed to evaluate the survival of biofilms on 
stainless steel (SS) treated with chemical sanitizers.

Purpose: To evaluate the persistence of C. sakazakii biofilms on SS treated with 
benzalkonium chloride (BZK), peroxyacetic acid (PAA), and gaseous chlorine dioxide (ClO2).

Methods: C. sakazakii biofilms were established on SS at 7 log CFU/coupon and stored at 
25°C for 7 d. For liquid interventions, duplicate coupons were submerged in 100 ppm of BZK 
or PAA for 30 or 60 s, followed by neutralization. For the gaseous intervention, duplicate 
coupons were subjected to ClO2 at 2 mg/L to achieve a cumulative exposure of 1,600 ppm-h. 
Following treatment, cells were recovered by manual agitation of coupons for 1 min. 
Surviving populations were serially diluted and enumerated. Three independent trials were 
conducted, and data were analyzed using ANOVA (p<0.05) to identify significant differences 
in sanitizer efficacy.
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Results: The C. sakazakii biofilm population on untreated SS was 6.47±0.40 log CFU/coupon. 
For the liquid interventions, BZK demonstrated a significantly higher efficacy than PAA, 
reducing the population to 4.19±0.45 log CFU/coupon after only 30 s (a reduction of 2.28 log 
CFU/coupon, compared to 0.60 log CFU/coupon for PAA). No further significant population 
reductions were observed when the BZK or PAA treatment times were extended to 60 s. For 
the gaseous intervention, limited efficacy was observed for ClO2. The C. sakazakii biofilm 
population was reduced by 1.00 log CFU/coupon relative to the control.

Significance: Results from this study provide information on the varying persistence of C. 
sakazakii biofilms on stainless steel exposed to different sanitizer interventions. 
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Abstract:
 

Introduction: While Salmonella in low-moisture foods is well-studied, data on Listeria 
monocytogenes in cocoa-based products remain scarce. This knowledge gap challenges risk 
assessments for chocolate and cocoa ingredients. 

Purpose: To evaluate L. monocytogenes survival in cocoa powders, chocolates, liquor, and 
butter under industry-relevant storage conditions.

Methods: A four-strain outbreak cocktail (10⁶ CFU/g) was used for inoculation. Liquids were 
inoculated at storage temperature; solids at 40°C then solidified. Powders were mist 
inoculated. Samples were dried to original water activity and stored: liquid chocolates at 40–
55°C; cocoa liquor at 50–70°C; cocoa butter at 45–70°C; solids at 15°C, RH 60%. Sampling 
extended up to 6 months. Enumeration used MOX/TSA overlay; ISO 11290-1 was used when 
no colonies were detected.

Results: Liquid milk and dark chocolates achieved >6-log reduction within 7 days, 
undetectable by day 11; white compound required 14–18 days. Solid chocolates needed 5–6 
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months for similar reductions, with occasional residual counts. Cocoa liquor showed rapid 
decline: natural liquor >6 log in 7 days at 50°C, 1 day at �60°C; alkalized liquor required 14 
days at 50°C. All liquid liquor tested negative by 21 days; solids required 4–5 months. Cocoa 
butter liquids reached >6-log reduction within 1 day at �50°C; solids required 21 days 
(natural) or 2 months (deodorized). Cocoa powders reduced >6 log after 3 months.

Significance: These findings provide critical survival data for L. monocytogenes in cocoa-
based products, enabling manufacturers and risk assessors to refine hazard analyses and 
implement targeted controls.
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Abstract:
 

Introduction: Food safety authorities and control services have a need to anticipate food 
safety risks in order to prepare, adapt and manage risks before they develop into a food 
safety crisis.

Purpose: Presentation of a method that enables systematic identification of issues and risks 
with a high crisis potential including measures for foodborne outbreak prevention.

Methods: A team of experts with interdisciplinary backgrounds monitors a range of 
information sources to identify topics with high crisis potential. Monitoring covers outbreaks 
and foodborne diseases, risks and issues with crisis potential that already occur, emerging 
risks and disease outbreaks in other countries. Observations are merged into a database 
that allows for further research and analysis. A root cause analyses is performed for issues 
and risks with high crisis potential. Results are published as reports on a website with 
restricted access for a network of members from food safety authorities and control services. 
Moreover, a quarterly newsletter informs the network.

Results: Reports cover a wide range of topics, such as foodborne infections and outbreaks 
caused by Yersinia spp., Edwardsiella tarda, Cryptosporidium, or agricultural biocontrol agents. 
Further examples are the use of toys and occupying materials in animal husbandry and the 
correlation between the contamination of sesame seeds with salmonella and the use of 
ethylene oxide.
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Significance: The continuous anticipation and analysis of food safety risks, including the 
collection and transformation of information to intelligence, is a proactive approach. It 
enables authorities and food control services to take action timely and to prevent foodborne 
outbreaks.
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Abstract:
 

Introduction: The Hazard Analysis and Critical Control Point (HACCP) system is a globally 
recognized preventive food safety framework designed to identify, evaluate, and control 
hazards throughout food production. While HACCP principles are incorporated into food 
safety legislation worldwide, adoption in Nigeria has been largely voluntary, driven by 
companies aiming to meet internal food safety objectives and enhance brand credibility.

Purpose: This study evaluates HACCP adoption and implementation among Nigerian food 
processors, examining their understanding of the system, operational integration, and 
perceived barriers. The goal is to identify challenges and opportunities for strengthening 
food safety practices in Nigerian food facilities.

Methods: A quantitative survey was conducted with 135 professionals across diverse sectors 
of the Nigerian food industry. Participants represented various food handling and processing 
operations and were familiar with HACCP principles and supporting food safety programs. 
Data were analyzed to assess certification, knowledge, and practical application of HACCP.

Results: Among respondents, 98% had formal education in quality or food safety, but only 
55% had completed formal HACCP certification based on the seven principles and twelve 
steps. While 95% recognized HACCP’s role in identifying and controlling hazards, and 85% 
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understood the importance of critical control points, only 80% could identify distinct food 
safety hazards, and 45% demonstrated competence in developing or documenting food 
safety plans. Additionally, 90% cited inadequate training, education, and technical knowledge 
as key barriers to adoption.

Significance: The findings highlight critical gaps in training and technical capacity, 
underscoring the need for structured education and operational support to enhance 
adoption, strengthen food safety culture, and improve compliance across Nigerian food 
facilities.
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Abstract:
 

Introduction: Data sharing across food safety systems can improve environmental 
monitoring, risk modeling, and early warning capabilities, yet concerns surrounding 
confidentiality and re-identification risk continue to restrict data availability.

Purpose: This study evaluates whether data privacy techniques can enable food safety data 
sharing while maintaining predictive model performance.

Methods: A methodological pipeline was developed to apply 3 data privacy techniques (k-
anonymity, l-diversity, and t-closeness) to food safety datasets and evaluate downstream 
model performance. To balance the level of protection and data usability, privacy techniques 
were implemented using percentile-based binning rather than fixed-width intervals, allowing 
adaptive granularity while limiting the influence of outliers and data omission. The impact of 
the protection level on data usability was evaluated using 6 machine learning models, with 
hyperparameters tuned to optimize accuracy, and the training/testing data split of 85:15. The 
framework was demonstrated using 3 publicly available datasets with binary outcomes 
representing the presence of Listeria in soil (n=612), fecal contamination in watersheds 
(n=197), and Salmonella and Campylobacter in chicken carcasses (n=4888). 

Results: On the original datasets, Logistic Regression, Neural Networks, SVM, Decision Trees, 
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KNN, and Gradient Boosted Classifiers achieved relatively high classification accuracy. Low 
(k=2–4), moderate (k=5–7), and high (k=8–10) privacy protection levels produced comparable 
but reduced performance across models. Similar trends were observed for precision and 
recall, indicating improved model stability under stronger protection. 

Significance: These findings demonstrate that privacy-preserving anonymization can 
effectively enable safer data sharing, supporting broader collaboration in food safety 
surveillance and public health risk assessment.
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Abstract:
 

Introduction: Fecal contamination on eggshells is a primary route for Salmonella 
transmission, allowing the pathogen to penetrate the shell and survive inside the egg. Some 
of this contamination cannot be seen by the naked eye, fluorescence imaging technologies 
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are needed to help identify contaminated eggs before entering into the food supply.

Purpose: Visible and invisible fecal contamination detection on shell eggs with fluorescence 
imaging systems can improve food safety. Through data analysis of the video dataset, 
detection of unidentified fecal residue of shell surface can be analyzed to reduce pathogen 
risk found in egg products. 

Methods: Fresh, shell eggs (n=360) and fecal matter were procured from a local layer 
operation. Fecal slurry was inoculated on the shell’s surface for detection purposes. A 
florescence  imaging system (CSI-D+) was used to collect video of the eggs divided in three 
categories; unwashed, fecal contaminated, and washed. Two supervised multi-class 
classification models were curated. A convolutional neural network CNN model architecture 
include spatial and temporal cues across video frames, pooling, and linear classifier-learning 
motion and feature vectors. The second model contained long short-term memory (LSTM) 
model combined with 2D-CNN to aggregate per-frame features producing a representation 
sequence for classification.

Results: The CSI-D+ system successfully detected contamination invisible to the naked eye. 
To validate this data, CNN and LSTM algorithms were assessed. Video validation analysis 
concluded to have a 59.2% accuracy for CNN while LSTM shown a 40.5% accuracy.

Significance: These results allows a promising stride forward in contamination detection on 
shell eggs which can be transversed into detection systems on conveyor belts in egg 
processing plants.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Consistent and effective hand-hygiene (HH) practices are essential in food and 
healthcare to prevent contamination-events and healthcare-associated infections. Traditional 
monitoring systems face challenges in ensuring consistent HH compliance highlighting the 
potential for intelligent technologies to enhance safety protocols.

Purpose: This study aimed to review existing/emerging technologies supporting HH 
compliance and develop a generic system for real-time HH recognition.

Methods: A scoping review of peer-reviewed literature (2019–2025) in four academic 
databases examined technologies supporting HH compliance in food-manufacturing, food-
service and healthcare. AI- and sensor-based monitoring approaches were examined, 
focusing on event detection, behavioral design and challenges related to accuracy, cost, 
scalability, deployment and privacy. In parallel, a privacy-preserving, machine vision-based 
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HH recognition system was implemented/evaluated using experimental video data 
processed in real-time.

Results: Overall, 44 studies met inclusion criteria; most frequent sources were from USA 
(28%), India (18%), and China (15%). Reported technologies included proximity sensors, RFID-
enabled dispensers, smart wearables and AI-enabled tools. Machine vision approaches 
supported real-time recognition but raised privacy/practicality concerns. Sensor-based 
approaches often captured limited aspects of HH behavior. Implemented privacy-preserving, 
machine vision-based system demonstrated high recognition performance under 
experimental conditions, exceeding 90% across evaluation measures, operating in real-time 
without storing identifiable personal data.

Significance: This study demonstrates that privacy-preserving machine vision can support 
reliable real-time HH actions recognition while addressing key barriers including privacy/cost. 
The work highlights a feasible pathway for integrating intelligent monitoring technologies 
into food safety and healthcare environments. 
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Abstract:
 

Introduction: Aerosolized microbes pose significant food safety risks through cross-
contamination. Current culture-based methods are labor-intensive and time-consuming, 
creating a need for rapid, low-cost method for detection of bio-aerosolized bacteria from 
environmental samples.

Purpose: To develop an AI-based approach for rapid detection and classification of 
aerosolized bacteria based on their microcolony morphologies.

Methods: Overnight cultures of Salmonella enterica, Escherichia coli, and Pseudomonas 
fluorescens were aerosolized in a closed chamber using an ultrasonic humidifier and captured 
on a tryptic soy agar plates. Plates were incubated at 37°C for 3 h, and microcolonies were 
imaged at 60X magnification. A dataset of 600 images (200/class) was split into training, 
validation, and testing sets (70:15:15). A Faster R-CNN object detection model was used to 
localize microcolonies and classify species. Performance was evaluated using mAP, precision, 
recall and confusion matrices across confidence thresholds.

Results: A method was developed to rapidly capture an aerosolized bacteria directly on a 
culture plate and form microcolonies of individual bacteria within three hours of initial 
capture. The model based on the white light microscopy images of the various bacterial 
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micro-colonies demonstrated robust identification capabilities, achieving peak 
performance at a 0.7 confidence threshold, with mAP 89.9% and recall 90.1%. S. 
enterica showed the highest sensitivity (recall 94.4%), while E. coli had the highest precision 
(96.4%). While lower thresholds (0.5) revealed minor phenotypic overlap between S. enterica 
and E. coli, raising the confidence threshold to 0.7 effectively resolved these 
misclassifications.

Significance: This study demonstrates an AI-based approach for rapid (3 h) detection and 
species-level classification bioaerosol bacteria, supporting faster contamination response 
and improved microbial risk management in food-processing environments.
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Abstract:
 

Introduction: Despite having no empirical testing, effective recall communication is often 
assumed that the easier a message is to understand, the more likely consumers will take 
protective action.

Purpose: This study examined whether perceived message clarity predicts protective 
behavior (avoidance of recalled product), and explored the gap between recall awareness 
and actionable memory.

Methods: Fifty-nine adults (n=59) were randomly assigned to view one of three recall 
message templates embedded in a simulated food news website: an FDA-style Control, 
Template 1 (two-column layout), or Template 2 (stacked layout). A screen-based, eye-tracking 
device recorded eye movements. Participants were then asked to prepare a quick meal in the 
test kitchen, which was stocked with the ‘recalled’ product as well as alternatives. Post 
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observation, participants completed a semi-structured interview focusing on perceived clarity 
of the “recall” messages and their decisions while in the kitchen.

Results: Template 2 received the highest clarity ratings (84%) yet achieved only 56% product 
avoidance—comparable to Control (47%). Template 1, rated less clear (76%), achieved 85% 
avoidance (p=.019 vs. Control). Eye-tracking revealed T2 participants spent approximately 10 
seconds less viewing the message than T1 participants. Interview findings highlighted this 
disconnect: T1 participants demonstrated higher spontaneous recall of the message (38% vs. 
16% for T2) and described the template prompting active verification, while T2 participants 
more frequently reported understanding the message, but not connecting it to their kitchen 
decisions.

Significance: When trying to communicate to the public about safety information, it is 
important that the readers remember and comprehend the messages. The findings from this 
study indicate that perceived clarity and behavioral effectiveness may operate independently, 
suggesting the need for behavioral outcome measures when evaluating recall message 
design.
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Abstract:
 

Introduction: While food recall notifications are a primary health tool, empirical data are 
limited regarding how specific message design elements influence consumer product 
avoidance behavior. 

Purpose: This exploratory study examined how recall message format relates to visual 
attention, memory encoding, and subsequent product avoidance behavior to inform the 
development of evidence-based recall templates.

Methods: Fifty-nine adults (n = 59) were randomly assigned to view one of three recall 
message templates embedded in a simulated news website: an FDA-style Control, Template 1 
with a (T1; two-column product-focused), or Template 2 (T2; stacked product-first). Using a 
deceptive design, eye tracking devices recorded fixations while participants viewed a 
simulated food news website containing the assigned recall message. Following exposure, 
participants were then observed in a test kitchen selecting ingredients for a recipe from a 
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pantry stocked with the "recalled" product and alternative brands. Post-observation semi-
structured interviews were conducted to assess spontaneous recall and the decision-making 
processes used during the behavior task.

Results: Among participants who made a product selection (n = 57), T1 achieved significantly 
higher avoidance of the recalled product (85%, n = 17/20) compared to Control (47%, n = 
9/19; p = .019), while T2 (56%, n = 10/18) did not differ significantly from Control. Eye tracking 
data revealed that T1 participants fixated on health risk content approximately 40% longer 
than Control. Qualitative interview analysis showed T1 generated the highest spontaneous 
recall integration (38%) compared to T2 (16%). 

Significance: These findings indicate that recall message format, independent of content, 
significantly influences protective action. These results provide a framework for refining 
recall templates to improve consumer compliance and enhance public health outcomes.
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Abstract:
 

Introduction: Foodborne pathogens such as Salmonella, Shiga toxin-producing Escherichia 
coli (STEC), and Cronobacter sakazakii can survive in low-water activity foods such as whey 
protein concentrate (WPC80) powder. The ability of these pathogens to survive in desiccated, 
low-moisture foods poses significant public health risks when products are rehydrated or 
improperly handled. 

Purpose: To investigate the effect of extended storage on the survivability and thermal 
resistance of Salmonella, STEC, and C. sakazakii in WPC80 over 120 days.

Methods: The WPC80 powder was mist-inoculated independently with an 8-serovar 
Salmonella or 6-strain STEC or 4-strain C. sakazakii cocktail, dried at 37°C for approximately 5 
h, and stored in airtight containers. At 30-day intervals, bacterial survivability, pH, and water 
activity (aw) were evaluated. Thermal inactivation studies were conducted at 80, 85, and 90°C 
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using thermal death time disks (5-g each) to determine D- and z-values, with temperature 
monitored via T-type thermocouples.

Results: After 120 days of storage, populations of Salmonella, STEC, and C. sakazakii declined 
by > 3 log CFU/g. the water activity of WPC80 powder changed during storage from 
0.216±0.002 to 0.289±0.008 (Salmonella), 0.209±0.002 to 0.307±0.004 (STEC), and 0.210±0.001 
to 0.318±0.004 (C. sakazakii). The pH of WPC80 remained comparable throughout storage. 
The D-values for Salmonella and C. sakazakii changed significantly at 80, 85, and 90°C, while 
STEC D-values remained statistically unchanged. The z-value of Salmonella decreased from 
18.32±0.71°C to 11.29±0.47°C, STEC z-values remained unchanged, and C. sakazakii z-values 
increased from 10.77±0.46°C to 22.26±3.11°C.

Significance: The results strengthen predictive modeling and risk assessment for managing 
Salmonella, STEC, and C. sakazakii in WPC80 powders during extended storage and offer 
quantitative benchmarks for validating heat treatments in low-moisture protein ingredients.
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Abstract:
 

Introduction: Salmonella can survive for significant periods of time in low water activity (aw) 
raw ingredients such as wheat flour. Furthermore, they have the ability to grow and multiply 
when hydrated to produce dough or batter. Therefore, effective inactivation 
of Salmonella during the baking step is critical for the safety of finished food products.

Purpose: Validate the effectiveness of a simulated commercial buttermilk tea biscuit baking 
process as an effective pathogen kill step for Salmonella.

Methods: The buttermilk tea biscuit mix was initially mist inoculated with a five serovar-
cocktail of Salmonella and dried back to its pre-inoculation aw level. In a stand mixer at low 
speed, 300 g of Salmonella inoculated mix was mixed with 150 ml of water to make dough. 
The buttermilk tea biscuit portions were baked at 400°F for 8 minutes, followed by ambient 
cooling for 15 minutes. Biscuit samples were collected during baking at 0, 2, 4, 6, 8, and 23 
minutes for microbial enumeration, aw, and pH analysis. The Salmonella population in pre- 
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and post-baked buttermilk tea biscuit samples were enumerated on injury recovery media 
and reported as colony forming units (CFU/g).

Results: The Salmonella population decreased from 7.99±0.02 log CFU/g to 2.87±0.08 log 
CFU/g after 8 min of baking at 400°F, followed by a 15 min ambient air cooling. The aw 
decreased slightly during the baking process, while the pH remained statistically unchanged.

Significance: This study validates that baking buttermilk tea biscuits at 400°F for at least 8 
minutes, followed by a 15-min ambient air cooling will ensure a >5 log (CFU/g) reduction in 
Salmonella population. 
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Abstract:
 

Introduction: Salmonella can persist for prolonged periods in low-moisture foods such as 
wheat flour, maintaining infectivity despite unfavorable conditions. Inadequate thermal 
processing of flour-based products may allow Salmonella to survive, increasing the risk of 
foodborne illness outbreaks.

Purpose: To validate pancake cooking as an effective kill step and determine thermal 
inactivation parameters of Salmonella.

Method: Wheat flour was inoculated with a freshly prepared eight-serovar Salmonella 
cocktail and dried to its original water activity (aw) level. The inoculated flour was mixed with 
other ingredients to prepare the pancake batter. Batter portions were cooked on a preheated 
electric griddle at 350°F for 4 minutes (2 minutes per side) followed by 15-minute cooling at 
ambient temperature. Mean product internal temperature was recorded and samples 
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collected at 0, 2, 4 minutes were analyzed for pH, aw, and Salmonella population. The 
Salmonella population in pre- and post-cooked samples were enumerated using injury 
recovery (BHI agar over-layered with XLD agar). Thermal inactivation kinetics of Salmonella 
were evaluated by heating inoculated batter in thermal death time disks at 57, 60, and 63°C.

Results: Cooking pancakes at 350°F resulted in >5 log CFU/g reduction in 
Salmonella population. The D-value of Salmonella at 57, 60, 63°C were 22.37±2.86, 8.48±.15, 
and 1.64±0.14 min respectively. The z-value of Salmonella was 5.36±0.35°C.

Significance: The results demonstrated that cooking pancakes at 350°F for 4 minutes served 
as an effective kill step, achieving >5 log CFU/g reduction in Salmonella population.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Microgreens are immature and nutritious plants rich in micronutrients, and 
bioactive compounds. Significant knowledge gaps regarding microbial risks associated with 
microgreens highlight the need for risk mitigation practices, with Light Emitting Diode (LED) 
treatments presenting a promising opportunity.

Purpose: This review synthesizes current literature on the effects of various treatments/
conditions emphasizing LED light spectra, intensity, and photo period on microgreen growth, 
nutrient composition, and microbial safety.

Methods: A comprehensive review of eighty two published studies up to 2025 was carried 
out, focusing on microgreens grown under LED lighting using databases such as Google 
Scholar, PubMed, and Web of Science. The selected studies included investigations on the 
impact of various light spectra (e.g., red, blue, white) and intensity levels on growth, 
nutritional content, and microbial contamination (e.g., pathogenic E. coli). Photoperiod and 
photon flux density (PPFD), or light intensity, are the primary parameters used in previous 
studies to evaluate differences among treatments.
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Results: Studies consistently report that light quality and intensity influence microgreen 
growth and nutritional value which varies with microgreen type and treatment. The limited 
research on food safety reveals that pathogens such as pathogenic E. coli can persist in 
microgreens, especially under suboptimal production and handling conditions. Only two 
research were found with focus on LED-based antimicrobial efficacy. For instance, blue LED-
irradiated kale microgreens showed stronger antibacterial activity than those grown under 
white/red LEDs. 

Significance: No microgreen-specific safety guidelines currently exist, and existing 
regulatory frameworks are taken from fresh produce and sprouts. This highlights a need for 
systematic research to develop food safety protocols for microgreen production, with LED 
light treatment holding significant potential.

 Award Application: Developing Scientist Award 
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Abstract:

Introduction: Microbiologically safe non-dairy probiotic foods are increasingly important for 
food protection and public health, particularly for functional products targeting gut health 
and colorectal cancer (CRC) risk.

Purpose: This study developed a finger millet-based probiotic beverage and evaluated the 
food safety attributes and functional efficacy of Lactobacillus strains isolated from the 
product.

Methods: Finger millet malt (250 g) was heat-treated at 100°C and fermented with 
Lactobacillus spp. (10⁸ CFU/mL) under aseptic conditions. Isolates were screened for Gram 
reaction, catalase activity, hemolysis, acid (pH 2.5) and bile (0.3%) tolerance, antimicrobial 
activity against foodborne pathogens, and antioxidant capacity (DPPH assay). Anticancer 
activity was evaluated on CT-26 colon adenocarcinoma cells (1.5 × 10⁴ cells/well) treated with 
cell-free supernatant (30–80% v/v) using MTT assay. Data were analyzed by one-way ANOVA 
(n = 3, p < 0.05).

Results: Selected isolates were Gram-positive, catalase-negative, non-hemolytic, and showed 
>85% survival under simulated gastrointestinal conditions. Inhibition zones against
Escherichia coli, Salmonella spp., and Staphylococcus aureus ranged from 14.2 ± 0.8 to 21.6 ±
1.1 mm. DPPH scavenging activity reached 71.8 ± 1.9%. CT-26 cell viability decreased by 68.7
± 3.4% at 80% supernatant after 72 h (p < 0.001).
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bioprotective potential, supporting their relevance to food safety-oriented functional foods 
and public health.
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Abstract:
 

Introduction: Optimizing extraction methods is essential to enhance the antimicrobial activit
y of bioactive exopolysaccharide (EPS) secreted by probiotics. 

Purpose: Therefore, this study was conducted to evaluate the antimicrobial activity of EPS e
xtracted from both probiotic cells and spent culture medium (SPM) using different extraction 
methods to determine their potential as novel antimicrobial agents. 

Methods: Crude EPS were extracted from 9 probiotic strains and 3 types of SPM. Extraction w
as performed with or without trichloroacetic acid (TCA, 10%) treatment. Subsequently, EPS wa
s precipitated by adding two volumes of chilled ethanol followed by incubation at 4℃ overnigh
t. The agar disc diffusion test was performed against 7 foodborne pathogens to compare the an
timicrobial activity of SPM with that of probiotic cells and to evaluate the effect of TCA tre
atment. The minimum inhibitory concentration (MIC) tests were determined with and without di
alysis (MWCO 12 kDa) step to evaluate the necessity of purification. 

Results: The results revealed that TCA treatment enhanced the antimicrobial activity of EPS. 
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Furthermore, the antimicrobial activity of EPS derived from SPM was generally comparable to t
hat of EPS from probiotic cells. In the MIC tests for BGN4 SPM against Escherichia coli, the cru
de EPS (without dialysis) exhibited a lower MIC (2.5%) compared to the dialyzed EPS (> 5%). Nota
bly, purification via the dialysis step did not enhance the antimicrobial activity. 

Significance: These findings suggest that upcycling probiotic SPM using simple extraction (TCA
 treatment without dialysis) is a cost-effective strategy for developing novel natural 
antimicrobial agents.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Fermentation that meets food-safety guidelines is a cost-effective 
preservation process that can ensure food safety and can be readily practiced by both small- 
and large-scale producers.

Purpose: The purpose of this study was to evaluate the effects of raw material characteristics 
and fermentation practices on acidification dynamics and microbial safety of fermented 
tomatoes, onions, and carrots, and to assess food safety practices promoted in popular 
social media fermentation content.

Methods: The top 100 most-viewed niche vegetable and fruit fermentation videos on 
YouTube, TikTok, Instagram, and Facebook were systematically evaluated for the inclusion of 
food safety parameters, including hygiene, pH monitoring, fermentation time, and final pH 
targets using R Studio. Based on the results of which, fresh tomatoes, onions, and carrots 
from local grocery stores of Jefferson City were fermented in triplicate under controlled 
laboratory conditions (72°F) using 32 oz fermentation jars with 2.5% (w/w) NaCl brine, with or 
without 4.5% sucrose supplementation, following standard university extension guidelines. 
Lab-controlled fermentations were conducted for 21 days, with brine overflow monitored, 
and pH was measured on days 0, 7, 14, and 21 using a calibrated pH meter.

Results: The most-viewed videos on social media (n = 400) omitted pH monitoring 
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significantly (p = 0.009). Furthermore, the use of sensory terms varies significantly (p < 0.001) 
in assessing acidification levels across social media platforms. All produce that underwent 
controlled laboratory fermentation (n = 150) achieved a pH < 4.6 within 21 days. 

Significance: Traditional fermentation practices that meet food safety guidelines ensure 
food safety when pH is monitored throughout the fermentation period. Popular recipes that 
gain attention on social media have failed to meet food safety standards.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: When combining culture-independent methods, such as Next Generation 
Sequencing (NGS), with standard food safety practices, gaps related to detection limits, 
quantitative estimates, and intraspecies dynamics of foodborne pathogens must be 
addressed to effectively refine the integrated approaches.

Purpose: This study aimed to improve detection limit, increase resolution, and investigate 
pathogen intraspecies dynamics by comparing NGS-based approaches—metataxonomics 
and shotgun metagenomics—with the culture-based ISO 11290-1:2017 method. The test 
pathogen investigated was Listeria monocytogenes.
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Methods: Raw minced meat samples were inoculated with a cocktail of five serotype- and 
source-diverse L. monocytogenes strains (1–6 log CFU/mL) and selectively enriched according 
to ISO 11290-1:2017 in two independent replicates (R1, R2). Growth curves were obtained 
using ALOA agar. Colonies were randomly selected and fingerprinted by REP-PCR (R1, n=558; 
R2, n=258). Microbial community composition and Listeria spp. relative abundance were 
assessed by 16S rRNA (Illumina MiSeq; R1, n=69; R2, n=63). Shotgun metagenomics was 
performed at selected time points (R1, n=20; R2, n=3) using the NovaSeqX system.

Results: Growth curves reproduced initial inoculum levels across dilutions, with time-
dependent shifts in strain dominance during enrichment. Background microbiota strongly 
influenced Listeria spp. relative abundance(%) and detection thresholds, with distinct trends 
between replicates. Shotgun metagenomics enabled species-level resolution, identifying two 
subclades of L. monocytogenes. Early detection was achieved at the highest inoculum level (6 
log CFU/mL).

Significance: Integrating NGS-based approaches to the standard detection methods 
enhances sensitivity, timeliness, and resolution of L. monocytogenes detection. This study 
provides proof of concept for extending the approach to Salmonella enterica and other 
foodborne pathogens.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Small-scale child and elderly care foodservice facilities serve vulnerable 
populations, yet information on microbiological meal quality and risk of Listeria 
monocytogenes in snack foods remains limited.

Purpose: This study evaluated the microbiological quality of meals in small-scale child and 
elderly care foodservice facilities and assessed the quantitative microbial risk of L. 
monocytogenes on snack sandwiches.

Methods: Meat and vegetable side dishes served in thirteen foodservice facilities in Seoul, 
Gyeonggi, and Cheonan at Autumn in 2024 and Spring in 2025, respectively, were 
investigated. Total plate count, Escherichia coli, Escherichia coli O157:H7, and L. monocytogenes 
were enumerated and their confirmation tests were conducted with quantitative PCR (qPCR). 
Growth kinetics of L. monocytogenes on inoculated sandwiches were evaluated at 5, 12, 35, 
and 57℃ for 7 days. Quantitative microbial risk assessment (QMRA) was conducted with 
@Risk.
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Results: Compliance rate was higher in meat side dishes (89%) than vegetable side dishes 
(80%), and in child care facilities (91%) than elderly care facilities (78%), with significantly 
lower L. monocytogenes compliance in elderly care facilities (p < 0.05). L. monocytogenes 
exhibited slow growth at 5°C, while growth rates increased to 0.039, 0.072, and 0.148 log 
CFU/g/h at 12, 25, and 37°C, respectively, reaching 8.5 log CFU/g within 72 h at 25–37°C. 
QMRA estimated a mean illness probability of 0.0046% per serving, increasing to 0.0104% at 
the 99th percentile. In the sensitivity analysis, the main influence factors were identified as 
initial contamination level (0.67), household storage time (0.64), and storage temperature 
(0.29). 

Significance: These findings indicate that inadequate temperature abuse during storage and 
distribution can substantially increase population-level risk of L. monocytogenes. 

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: In a globalized food supply chain, the investigation of imported foods plays a 
critical role in ensuring food safety. Food recalls provide valuable information for identifying 
recurring safety issues associated with imported foods. Despite the steady growth in the 
volume of imported foods in South Korea, systematic analyses of recalls involving imported 
foods remain limited.

Purpose: In this study, we analyzed recall data for foods imported into South Korea over a 
nine-year period (2015–2024).

Methods: The recall data investigated in this study (n = 1035) were collected by the Ministry 
of Food and Drug Safety and pre-processed to remove duplicates and standardize food types 
and hazard classifications. These data (n = 1027) were analyzed to identify characteristic 
hazards associated with different food types, recall trends caused by foodborne pathogens, 
and food categories associated with higher risks.

Results: Processed foods (n = 563; 54.8%) and dietary supplements (n = 170; 16.6%) were the 
primary categories of recalled products, while chemical hazards (n = 416; 40.5%) represented 
the most frequent cause of recall. Recalls for processed foods involved a diverse array of 
risks; specifically, chemical, biological, and physical hazards accounted for 35.7%, 32.3%, and 
28.4% of cases, respectively. Conversely, dietary supplements were recalled mainly for other 
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factors (91.8%), with mislabeled ingredients being the primary cause. Recalls attributed to 
foodborne pathogens (n = 71) occurred predominantly in processed foods (76.1%) and 
animal products (19.7%). Major food types associated with high-risk recalls assigned to 
Classes 1 and 2 (n = 333) included processed foods (42.3%), produce (32.4%), and animal 
products (10.5%).

Significance: Our analysis identified distinct hazards and risks associated with various food 
categories imported into South Korea. These findings will be instrumental in devising 
targeted food safety management strategies.
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Abstract:
 

Introduction: U.S. food import alerts permit detention when products  violate safety 
requirements.Although low-water activity foods are generally considered microbiologically 
stable, they are frequently subject to import alerts due to contamination risks, chemical 
hazards, and preventive controls failures. Ghana, Nigeria, and Ivory Coast are critical 
suppliers of low-water activity foods to the United States, particularly cocoa and cocoa-based 
products, as well as spices, grains, oils, and dried produce. Disruptions affecting these 
countries therefore have outsized implications for supply chain reliability, trade continuity, 
and food system resilience. 

Purpose: This study aims to characterize the scope, product categories, and country-level 
patterns of U.S. food import alerts affecting low-water activity foods exported from West 
Africa, to identify persistent regulatory pressure points within U.S.-bound supply chains. 
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Methods: U.S. food import alert records from 2002–2024 were analyzed for products 
originating from Ghana, Nigeria, and Ivory Coast and classified by product code, description, 
and country of origin. Temporal trends and product-category distributions were examined to 
assess long-term patterns in regulatory actions. 

Results: Of 2,358 U.S. food import alerts linked to West African food imports, 1,031 (43.7%) 
involved low-water activity foods. Alerts were most frequent for spices and herbs (n = 326), 
cereals/grains (n = 224), dried fruits/veg. (n = 120), oils/fats (n = 116), seeds for consumption 
(n = 88), and confections/snacks (n = 74), including cocoa-based products. Ghana and Nigeria 
ranked among the top countries in most alerts, while Ivory Coast appeared frequently in 
cocoa-related alerts.

Significance: This study shows how U.S. food import alerts act as system-wide stressors, 
helping guide capacity building, risk communication, and targeted food safety culture 
improvement in key West African low-moisture food export sectors. 
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Abstract:
 

Introduction: Even though chicken meat is an important source of salmonellosis, a 
molecular understanding of the Salmonella proliferation in chicken meat is lacking. 

Purpose: Our aim was to obtain a molecular-level understanding of Salmonella survival in 
chicken meat using transcriptomics.

Methods: S. Typhimurium was inoculated on chicken tenderloins, and the growth pattern 
was identified using serial dilution and plating. Total RNA was isolated from Salmonella-
spiked chicken meat at time points representing the mid-lag, mid-log, and mid-stationary 
phases using a commercial RNA isolation kit, sequenced on a HiSeq4000 platform, and 
analyzed using the DESeq2 package. Genes with an FDR-adjusted p-value � 0.05 were 
considered significantly differentially expressed. The physiological relevance of the 
differential expression was analyzed by characterizing the growth of gene deletion mutants 
constructed using the λ-Red Recombination assay in chicken tenderloins. Mutants having a 
statistically significant growth aberration compared to the wild type, analyzed using 
Student’s t-test, were considered physiologically relevant. 
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Results: The upregulation of genes katE, katN, sodA, and sodC indicates that oxidative stress 
is the primary stress faced by Salmonella during meat survival. The subsequent oxidation of 
the iron-responsive transcriptional repressor Fur resulted in the upregulation of the Fur 
regulon genes. The gene sitA was critical, confirming the importance of manganese transport 
in surviving meat-associated oxidative stress. The high upregulation of STM0347, combined 
with the hyper-replicative phenotype of the STM0347 mutant, suggests that STM0347 may be 
a food-specific DNA-binding transcriptional factor that enables Salmonella adaptation to 
foodborne stresses.

Significance: Besides gaining a molecular understanding of Salmonella meat survival, we 
also developed a database of molecular targets that can be utilized for pathogen mitigation 
in chicken meat. 

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Listeria monocytogenes can persist on food-contact surfaces, with surface 
porosity influencing bacterial attachment and survival. Direct plating methods may fail 
to detect low-level or viable but non-culturable (VBNC) cells, making enrichment essential 
for accurate detection. 

Purpose: The objective of this study was to evaluate the persistence and viability of L. 
monocytogenes on stainless steel (SS), high-density polyethylene (HDPE), rubber, and wood 
surfaces over 2 h to 3 weeks using direct and enrichment-based detection methods. 

Methods: Sterile food-contact surface coupons were inoculated with L. monocytogenes Scott 
A and maintained under controlled conditions. Samples were collected from 2 h to 3 weeks 
of post-inoculation to assess persistence and viability. Direct (non-enrichment) detection was 
performed on samples recovered between 2 and 72 h, and the samples 
were processed immediately using selective media to enumerate culturable cells. 
Enrichment-based detection was conducted on samples collected after 1 week following ISO 
11290-1 guidelines to recover stressed or low-level viable cells. PMA-qPCR was additionally 
used to assess VBNC cells. Experiments were performed in duplicates with three 
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independent replicates, and data were analyzed using ANOVA with post hoc Tukey tests 
(α=0.05). 

Results: Following 72 h of incubation, plate count data showed statistically significant 
differences in L. monocytogenes recovery across surface materials (p<0.05). Pairwise 
comparisons indicated no significant differences between SS and rubber or between SS and 
HDPE (p>0.05). However, significant differences were observed between SS and wood, rubber 
and wood, rubber and HDPE, and wood and HDPE (p<0.05).  

Significance: This work highlights the limitations of enrichment-free, culture-only detection 
methods and underscores the importance of integrating molecular viability assays and 
enrichment strategies for improved environmental monitoring of L. monocytogenes. 

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Cross-contamination between food contact surfaces and fresh produce 
remains a persistent food safety concern in avocado handling and processing.

Purpose: This study evaluated the effects of six food contact material types, three contact 
times, two avocado varieties, and transfer direction on Listeria monocytogenes transfer under 
simulated avocado packing conditions.

Methods: L. monocytogenes transfer experiments were conducted under controlled 
laboratory conditions using six food contact materials commonly found in produce packing 
environments (stainless steel, conveyor belt, plastic box, black roller, blue foam-backed 
curtain, and transparent strip curtain). Two avocado varieties (Hass and Fuerte) were 
evaluated at contact times of 36, 180, and 900 s in both material-to-avocado and avocado-to-
material transfer directions. Surfaces were inoculated with L. monocytogenes, contacted for 
the specified duration, and sampled immediately after separation. Recovered populations 
were enumerated using Petrifilm™ plates and expressed as log₁₀ transfer ratios. Data were 
analyzed using multi-factor ANOVA to assess the effects of material type, contact time, 
variety, and transfer direction.

Results: L. monocytogenes transfer differed significantly among food contact materials (p < 
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0.001) and increased with contact time. Material type was the dominant factor, with transfer 
lowest from conveyor belt material and highest from stainless steel (20.9-fold difference). 
Increasing contact time from 36 to 900 s increased transfer 6.1-fold. Hass avocados 
transferred more L. monocytogenes than Fuerte (p = 0.032). Overall transfer was symmetric 
between directions, although material- and variety-specific directional asymmetries were 
observed.

Significance: Surface material selection and contact time are key drivers of L. monocytogenes 
cross-contamination during avocado packing, highlighting the value of transfer-based 
metrics for risk-based contamination control.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Listeria monocytogenes can become strongly attached to food contact surfaces 
and resist routine sanitation, creating persistent contamination reservoirs.

Purpose: Compare L. monocytogenes attachment strength on six materials (stainless steel, 
black roller, conveyor belt, transparent strip curtain, blue foam-backed curtain, plastic box) 
and determine how surface properties and time influence attachment.

Methods: Six food-contact materials used in produce packing facilities were inoculated with 
L. monocytogenes (10⁷ CFU/mL) and incubated at 25°C for 0, 1, 3, or 6 h. Loosely attached cells 
were removed by rinsing and enumerated, while strongly attached cells were recovered by 
sonication to calculate attachment strength (Sᵣ = SA/(LA + SA) × 100). Materials were 
characterized by surface roughness (Rq), wettability (cos θ), and polarity, and data from two 
independent replicates with duplicate measurements (up to 96 observations) were analyzed 
using mixed-effects models and one-way ANOVA with Tukey’s post hoc tests (α = 0.05).

Results: Attachment strength (Sᵣ) differed significantly among materials at all time points (p 
� 0.002), ranging from 7.5% to 91.2%, with black rollers consistently highest and transparent 
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strip curtains lowest. Significant material × time interactions (p < 0.001) demonstrated 
material-specific temporal changes, including a pronounced late increase on blue foam 
surfaces. Sᵣ was moderately correlated with surface roughness (r = 0.41) but not with 
wettability or polarity, and discriminated material-associated contamination risk far better 
than total L. monocytogenes recovery (4.88–5.75 log CFU/cm²).

Significance: Attachment strength reveals substantial differences in L. monocytogenes 
adherence among food-contact materials, offering a more practical indicator of cross-
contamination risk than total CFU for guiding sanitation and material selection decisions.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Salmonella remains a persistent safety concern in beef production, and 
understanding contamination changes along the processing chain is essential for control 
strategies.

Purpose: This study characterized Salmonella prevalence and contamination trends through 
biomapping and enviromapping within a commercial beef processing facility.

Methods: Biomapping was conducted at a commercial beef processing facility in the 
Western United States across three repetitions with two consecutive sampling days each, 
generating 219 samples prior to compositing. Environmental, carcass, trim, and lymph node 
samples were collected from lairage, harvest, chilling, and fabrication areas using boot 
swabs and sponge swabs following standardized protocols. Samples were composited in sets 
of three before analysis. Salmonella prevalence and quantification were determined using the 
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Hygiena BAX® System, while microbial indicators including aerobic counts, 
Enterobacteriaceae, and generic Escherichia coli were enumerated using the TEMPO® 
automated system (bioMérieux). Prevalence among processing areas was evaluated using 
Fisher’s exact test (α = 0.05).

Results: Contamination trends were observed across the processing chain. Aerobic counts, 
Enterobacteriaceae, generic E. coli, and Salmonella were highest in lairage areas, drains, and 
carcass-contact surfaces and decreased after antimicrobial interventions and throughout 
fabrication (P < 0.05). Salmonella prevalence was greatest at early process points, with 86% of 
lairage composites positive and levels up to 1.96 log CFU/sample. Salmonella was not 
detected in post-intervention areas including chilled carcasses, subprimals, trim, and 
fabrication environments. Limited detection occurred in mesenteric lymph nodes with 24% 
prevalence.

Significance: These findings show Salmonella contamination is concentrated at early 
processing points and highlight the value of biomapping to support monitoring strategies 
that enhance safety and health.
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Abstract:
 

Introduction: Contamination of food-contact surfaces with foodborne viruses, such as 
norovirus, poses a serious food safety risk and economic concerns. 

Purpose: This study was conducted to develop a bio-based antiviral coating that can be 
readily applied to stainless steel (SS) food-contact surfaces. 

Methods: SS surfaces were coated with chlorinated yeast cells (YC@Cl) via a two-step brush-
and-spray coating method, using zein as a polymeric binder. The antiviral activity of the 
coated SS surface was evaluated against bacteriophages T4 and T7 using a plaque-count 
assay. The mechanical resistance of the coating was assessed using the EPA-guided sponge-
based abrasion test. The antiviral potential of the coated surface against norovirus was 
further validated using Tulane virus as a surrogate for norovirus, in the presence and 
absence of simulated fecal matter (SFM). 

Results: A uniform zein and YC@Cl-based coating was deposited on the SS surface, with a 
thickness of ca. 38 ± 5.6 μm. The coated surface exhibited strong antiviral activities and 
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achieved more than 5-log reductions of bacteriophages T4 and T7 within 10 min. The coating 
formulation showed strong resistance against mechanical abrasion, and no significant loss of 
antiviral activities was observed even after 30 cycles of dry (480 single passes) and wet (240 
single passes) abrasion. In addition, the coated SS surface exhibited strong antiviral activities 
against Tulane virus and achieved 2.1- and 3.0-log reductions in the presence and absence of 
the SFM, respectively, within 30 min. 

Significance: These findings provide practical insights into developing bio-based 
antiviral coating formulations that can reduce the risk of viral contamination of food-contact 
surfaces.
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Abstract:
 

Introduction: Frozen storage is widely used to preserve foods; however, the survival of 
foodborne pathogens during freezing remains a food safety concern.

Purpose: This study aimed to investigate the long-term survival characteristics of major 
foodborne pathogens under various stress conditions during frozen storage and to analyze 
survival kinetics using the Weibull model.

Methods: Five foodborne pathogens (Salmonella Typhimurium, Listeria monocytogenes, 
Escherichia coli O157:H7, Staphylococcus aureus, and Bacillus cereus) were stored at �20°C for 
up to 420 days under four stress conditions (0.85% NaCl, pH 4.0 lactic acid, 3% NaCl, and 3% 
sucrose). Selective and non-selective media were used to evaluate bacterial survival and 
sublethal injury.

Results: S. Typhimurium exhibited the highest sensitivity to frozen storage, showing a 
reduction of 4.29 log CFU/mL and 2.83 log CFU/mL of sublethally injured cells after 420 days. 
In contrast, S. aureus and L. monocytogenes demonstrated high resistance to freezing, 
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maintaining viable counts of 7.90 and 6.21 log CFU/mL, respectively, after 420 days 
regardless of stress conditions. Notably, under 3% sucrose conditions, all five pathogens 
showed an increase of approximately 1.29 log CFU/mL at 420 days compared with 28 days of 
storage, indicating a cryoprotective effect during long-term frozen storage. The Weibull 
model adequately described these survival patterns (R² > 0.90), revealing non-linear 
inactivation trends (n < 1) associated with the persistence of resistant subpopulations.

Significance: These results demonstrate that frozen storage alone may be insufficient to 
control foodborne pathogens, particularly in sugar-rich environments, highlighting the need 
for improved food safety strategies.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Environmental sampling is central to food safety systems, yet developing 
appropriate plans, interpreting findings and choosing proportionate actions under time 
pressure is difficult, especially for microbiological hazards.

Purpose: To design and prototype a concept for an AI-assisted, negotiation-centered 
decision-support system to optimize environmental sampling-driven risk management in 

Page 1407 | 2023
1776



dairy processing.

Methods: An agentic AI solution was conceptually developed, extending a previously 
described AI-assisted risk negotiation framework. The solution makes use of large language 
models, retrieval-augmented generation (RAG) over customizable knowledge bases (HACCP 
plans, SOPs, regulatory texts, process schemata, historical environmental sampling data) and 
external tools accessible via APIs. These tools include: (i) guided information capture, (ii) 
time-series and hotspot analysis for environmental data, (iii) simulation of predictive 
microbial models, (iv) multi-stakeholder negotiation agents capable of optimizing consensus 
finding between food safety, food production, food quality, financial and legal dimensions, 
and (v) dashboards that visualize generated analysis results and the rationale for 
recommended compromises. The system is designed to run with human oversight or, where 
appropriate, as a stand-alone customizable workflow.

Results: Illustrative example scenarios demonstrate how heterogeneous data, unstructured 
information and diverging objective function can be translated into explicit 
recommendations (e.g., number of samples to be collected, intensified sanitation, targeted 
resampling, process adjustments, root-cause investigations, hold/release decisions) without 
prespecifying outcomes.

Significance: A domain-specific and customizable AI-based solution exploiting the risk 
negotiation paradigm can improve environmental sampling and risk management decisions 
in dairy food safety systems while preserving accountability.
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Abstract:
 

Introduction: Effect-based in vitro bioassays can support mixture risk assessment for food-
related complex matrices, yet variability in sample preparation, assay qualification and data 
interpretation limits reliability and regulatory confidence.

Purpose: To develop harmonized best-practice guidance for applying in vitro bioassays to 
food and other complex mixtures across an end-to-end workflow.

Methods: AOAC Europe convened a cross-sector panel spanning environment, food/
beverages and packaging, including academia, regulators, contract research organizations 
and suppliers. Four working groups addressed (i) sample preparation/extraction, (ii) fit-for-
purpose qualification requirements for bioassays across sectors, (iii) criteria and reporting 
elements for mixture data interpretation, and (iv) the regulatory landscape for advancing 
acceptance of new approach methodologies. The groups reviewed current practices, 
identified critical control points that can bias outcomes, and iteratively drafted 
recommendations. 

Results: A draft, end-to-end guideline was produced linking key decisions and minimum 
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reporting elements from sample handling through effect-based screening to follow-up 
characterization of bioactive contributors. The guideline highlights common sources of 
variability and misinterpretation and provides harmonized recommendations for controls, 
acceptance criteria and interpretation of mixture responses. Priorities for further refinement 
are defined, including elements needed to support validation and regulatory dialogue.

Significance: The guideline is expected to improve reproducibility and transparency of 
bioassay-based mixture assessment and facilitate broader uptake of NAMs in food protection 
and public health.
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Abstract:
 

Introduction: Analyzing the recall landscape is a perennial topic, and trends in the food 
safety landscape are continually reassessed. Creating a single view using multiple nations’ 
food recall data and making it easily accessible and ready for analysis, however, has not been 
accomplished. The current state of data availability on a country-by-country basis is also not 
widely known. 

Purpose: This review of the available research and data aimed to create a single, updatable 
repository of data, unified to allow for analysis as an aggregate, with geospatial attributes 
available, and with metadata describing the current state of data availability by country. 

Methods: Recall histories were obtained from the U.S., UK, European Union, Australia, New 
Zealand, and Canada, where recall data has been consistently available. Comparable 
information was collected from other countries. 

Results: We present a tool through which publicly available datasets on recalls are combined 
and mapped, and with select results presented. The detailed map shows individual data 
points, while the high-level map shows how data availability ranges from country to country. 
Natural language processing allowed the analysis of recalls with high accuracy, as well as the 
ability to incorporate multilingual data into the dataset. As of this submission, we are 
working on making mapping and data tools available through a web portal. 

Significance: The variability in data influences the kinds of preventive actions taken and the 
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value attributed to food safety programs in the respective countries. Understanding this is of 
critical importance in a global and interconnected system such as the food industry. 
Transparency of high-level trends can help explain patterns, help with assessing risks and 
with making informed decisions when it comes to preventive actions, purchasing decisions, 
and in providing additional layers of data to support risk assessments.
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Abstract:
 

Introduction: Microorganisms, such as bacteria, yeasts, and molds, grow in fuel when they 
have access to both water and fuel as a nutrient source. Microorganisms that contaminate 
fuel cause various issues, i.e., blocked injectors. To prevent such issues, a method is required 
that can detect even low levels of contamination in the aqueous phase of the fuel. The 
AquaSnap® Total Water ATP Test, in combination with the EnSURE® Touch, is an easy-to-use 
test system that detects adenosine triphosphate (ATP) produced by living microorganisms.

Purpose: This study summarizes results generated using the Snap Test in combination with 
the fluorometer compared to an alternative microbial testing system that screens for 
bacterial and fungal contamination in fuel samples.

Methods: Diesel and gasoline samples were mixed 1:2 with TSB. After phase formation, the 
fuel phase was removed, and the aqueous phases were incubated at 30°C. After 16, 24, 48 
and 72 hours, samples were analyzed using Swabs and the luminometer. In parallel, an 
alternative microbial method with culture plating on TSA and SDA was performed for results 
confirmation.

Results: After 48 to 72 hours of enrichment time, all results obtained with the ATP-based 
Swab analysis were in 100% agreement with the culture-based method, whereas other tested 
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kits showed deviations. After 16 hours of enrichment, the detection limit for bacteria in diesel 
samples was 10 to 100 CFU/mL. These results demonstrate the high sensitivity of this easy-
to-handle ATP Test.

Significance: This Aqua-Snap ATP test from Hygiena is a highly sensitive test system for 
detecting microbial contamination in diesel samples. It provides positive results for microbial 
contamination within a maximum enrichment time of 48 hours. 
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Abstract:
 

Introduction: Limited data exist on the efficacy of cleaning and sanitizing (C&S) for non-
conventional food-contact surfaces (FCS) used in produce packinghouses. 

Purpose: To evaluate the effectiveness of various C&S methods on non-conventional FCSs in 
the produce industry. 

Methods: A Salmonella enterica cocktail (~9 log CFU/mL) of five serovars (Poona, Javiana, 
Typhimurium, Newport, Litchfield) was prepared from single colonies cultured overnight (16–
18 h) in tryptic soy broth (TSB) at 37°C. Inocula were prepared in TSB or minimal medium 
(M9) and grown to early stationary phase at 21°C. Inoculum (0.1 mL) was applied to three FCS 
coupons: foam, rubber, and wood. Coupons were stored at 21°C and 50% relative humidity 
for 0, 12, or 168 h prior to treatment. Seven C&S treatments were evaluated: Clean; Sanitize 
(SaniDate, Alpet, or Oxine); and Clean+Sanitize (Clean+SaniDate, Clean+Alpet, or 
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Clean+Oxine). Percentage reduction was calculated relative to sham-treated controls 
processed in parallel. Data were analyzed using a factorial ANOVA model (7 treatments × 3 
FCS × 2 growth media × 3 time points) with two-way interactions. Mean difference was 
further separated using Tukey’s HSD (α=0.05). 

Results: For the main effect of treatments, Alpet (86.44%) and Oxine (78.03%) groups had 
lower reductions (P<0.001) than other treatments (�97.45%). This difference was mainly due 
to the significant treatment×FCS interaction (P<0.001). Combined C&S consistently achieved 
�94.98% reduction overall. Among sanitize-only treatments, SaniDate showed similar 
reductions (�96.07%) on all FCS regardless of cleaning. Alpet was most effective on wood 
(96.89%), followed by rubber (90.03%), and foam (71.23%; P<0.001). Oxine was least effective 
on all FCS (�79.66%) but improved to �94.98% when combined with cleaning (P<0.001). 

Significance: Findings indicate that cleaning prior to sanitizing greatly enhances efficacy, 
particularly for Oxine, and FCS type affects sanitizer efficacy when used alone.
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Abstract:
 

Introduction: Inconsistent sanitation practices in food processing environments contribute 
to persistent microbial adhesion on food-contact surfaces, increasing contamination risk, 
therefore new approaches should be explored to manage these issues to improve the 
sanitation and training gaps in the food industry.

Purpose: This study evaluated the adhesion-related physicochemical properties of a novel 
fluorescent biomimetic particle (fBMP) nanoemulsion compared with E. faecium to assess its 
suitability as a sanitation training surrogate.

Methods: The fBMP nanoemulsion was prepared by emulsifying curcumin in corn oil with 
potato protein and a non-ionic surfactant in phosphate buffer using sonication. Formulations 
were characterized for particle size, zeta potential, polydispersity index (PDI), and 
fluorescence stability over 30 days. Adhesion of optimized fBMP to stainless steel was 
compared with E. faecium and further evaluated using confocal microscopy. Each formulation 
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was measured in triplicates and analysed using two-way anova.

Results: The different fBMP formulations exhibited particle sizes of 0.2–1.0 µm and negative 
zeta potentials of -20 to �30 mV. Two-way ANOVA showed that surfactant ratio and curcumin 
concentration significantly affected particle size and zeta potential over time (p < 0.05). 
Formulations with smaller particle sizes and more negative zeta potentials were associated 
with greater stability and lower PDI indicating the primary determinant of stability. E. faecium 
displayed a comparable size range (0.5–1.0 µm) and surface charge (�32.44 mV), with no 
significant difference compared to fBMP (p > 0.05). Confocal microscopy confirmed spherical, 
well-stabilized droplets with surface-associated curcumin, suggesting enhanced adhesion 
potential.

Significance: The fBMP nanoemulsion exhibits physicochemical and adhesion properties 
comparable to E. faecium, supporting its use as a stable, visual surrogate for sanitation 
training.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Human astrovirus type 1 (HAstV-1) is an emerging foodborne virus frequently 
associated with shellfish consumption, yet validated inactivation strategies and infectivity-
based detection methods remain limited. Oysters can bioaccumulate enteric viruses and 
facilitate viral persistence during processing, highlighting the need for effective control 
measures.

Purpose: This study evaluated the antiviral efficacy of chlorine dioxide (ClO₂) and peracetic 
acid (PAA) as chemical disinfectants, and UV-C irradiation as a physical treatment, against 
HAstV-1 applied individually or sequentially on three relevant matrices: oysters, stainless 
steel (SS; food-contact surface), and low-density polyethylene (LDPE; packaging surface).

Methods: Infectious viral titers were quantified using a modified immunofluorescence (IF) 
assay optimized for oyster matrices by adjusting virus adsorption time, antibody conditions, 
and buffer composition to improve reproducibility and signal clarity.
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Results: On oyster tissues, ClO₂ (200 ppm, 5 min) and PAA (200 ppm, 1 min) achieved >2 log₁₀ 
FFU/mL reductions, whereas UV-C alone showed limited efficacy (�1.8 log₁₀ at 1,800 mJ/cm²). 
On SS and LDPE, HAstV-1 was reduced below detection limits at �700 ppm ClO₂ and �1,500 
ppm PAA on SS and �300 ppm ClO₂ and �900 ppm PAA on LDPE. Sequential treatments 
combining low-dose ClO₂ (50 ppm) or PAA (150 ppm) with UV-C (600 mJ/cm²) significantly 
enhanced viral inactivation on oysters without affecting product quality.

Significance: These findings demonstrate that combined chemical–UV interventions, 
together with an optimized IF assay, provide practical strategies for controlling infectious 
HAstV-1 in oyster processing environments.
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Abstract:
 

Introduction: Bacterial persistence on food-contact surfaces (FCS) is influenced by various 
factors, including inoculation method, temperature, and surface type. 

Purpose: This study explores the effect of wet and dry inoculation on the persistence of 
Listeria monocytogenes (LM), Salmonella, and Shiga toxin-producing Escherichia coli (STEC) on 
FCS (stainless steel [SS], rubber, wood, high-density foam) used in produce packinghouses.

Methods: Salmonella (5 serovars), LM (5 serotypes), and STEC (4 strains) cocktails were 
prepared separately. Wet inoculum (4 log CFU/mL) was applied directly to FCS coupons, while 
dry inoculum (4 log CFU/g) was prepared by mixing bacterial cocktails with sterile sand, 
drying for 24 h at 40ºC, and exposing the FCS for 2 min to the prepared sand. Coupons were 
stored at 21 or 27°C for 168 h (7 days). Pathogens were recovered by repeated pipetting or 
stomaching, serially diluted, plated on tryptic soy agar, and incubated for enumeration. 
Uninoculated FCS were processed in parallel.
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Results: Following wet inoculation, Salmonella and STEC exhibited the highest D-values (time 
required for 90% reduction) on foam (92 to 111 h) and the lowest on wood (64 to 92 h) at 
27°C. In contrast, LM persisted longer on wood (92 h) and lesser on SS (82 h). For dry 
inoculation, Salmonella persisted longer on foam (134 h) at 27°C whereas wood supported 
greater persistence of STEC and LM. Similar trends were observed at 21°C after wet 
inoculation, where all pathogens persisted longer on foam with D-values from 107 to 182 h. 
In contrast, the lowest D-values (43 to 47 h) at 21°C after wet inoculation were observed on 
wood for all pathogens. Dry inoculated FCS at 21°C showed similar findings. Overall, 
temperature, FCS type, and inoculation method impacted pathogen persistence in a 
dependent manner.

Significance: Surface type, temperature, and inoculation method influenced pathogen 
persistence, highlighting foam as high risk and wood as lower persistence surfaces. 
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Abstract:
 

Introduction: Waxing roller brushes play a significant role in ensuring produce quality; 
however, their impact on microbial safety of fresh produce remains largely uninvestigated.

Purpose: To better evaluate the involvement of waxing roller brushes in the microbial safety 
of fresh produce, this project aims to characterize the microbial populations present on 
commercial waxing roller brushes throughout the harvesting season.

Methods: Three commercial produce packing facilities were sampled between July and 
September 2024. During each visit, 10 × 10 cm areas of waxing roller brushes were swabbed 
before and after cleaning and sanitation (n = 6 per facility per visit). Sponges were 
transported to the laboratory on ice and processed within 24 h to enumerate total aerobic 
bacteria, coliforms, and yeasts/molds using Plate Count Agar, CHROMagar ECC, and 
Dichloran Rose Bengal Chloramphenicol agar. In addition, 16S rRNA and ITS amplicon 
sequencing were employed to characterize the microbial communities present on the waxing 
roller brushes.
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Results: At the beginning of the harvest season, APC levels on waxing roller brushes were 
7.89 ± 0.46, 7.02 ± 1.35, and 7.49 ± 0.96 log CFU/area for facilities A, B, and C (before 
cleaning), respectively. After cleaning and sanitation, APC and mold/yeast levels remained 
unchanged in facilities A and B but were reduced in facility C. Similar trends were observed in 
August and September. A significant change in microbial richness and evenness (Shannon 
index, Kruskal–Wallis, p < 0.05) was detected only in facility B in August and in facility C in 
September, during which the relative abundances of Enterobacterales and Pseudomonadales 
dropped sharply after cleaning and sanitation.

Significance: Outcomes of this project highlight the importance of cleaning and sanitation 
programs applied to waxing roller brushes for protecting produce safety.

 Award Application: Developing Scientist Award 
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Abstract:
 

Introduction: Fresh produce is commonly waxed in packhouses to improve appearance and 
extend shelf life. However, wax polishing brushes have been reported to harbor the highest 
prevalence of Listeria spp., as wax and bacterial cells can become trapped within the brush 
bristles, creating a persistent contamination risk.

Purpose: This study evaluated the effectiveness of a newly developed steam tenting system 
designed to deliver uniform steam for efficient cleaning and sanitation of wax polishing 
brushes.

Methods: Listeria innocua ATCC 33090 (12.4 ± 0.3 CFU/mL) was used as a surrogate organism 
to assess microbial inactivation on polyester and polypropylene brushes, both with and 
without wax application (2 mg wax/g brush). The brushes were exposed to steam at 97°C for 
90 seconds. The amount of wax removed from the brushes was also estimated by measuring 
weight change in brushes.

Results: Steam exposure at 97°C for 90 seconds resulted in no detectable survivors 
regardless of wax presence or brush type (polyester or polypropylene). About 90% of wax 
removal was observed within 1 min of steam tenting whereas commercial wax stripper 
applied on brushes for 10 mins could remove 72% wax from the brushes.
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Significance: These findings demonstrate that steam tenting is an effective and durable 
sanitation strategy for eliminating microbial contaminants and removing wax from polishing 
brush surfaces, offering a practical alternative to traditional water- or chlorine-based 
cleaning methods.
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Abstract:
 

Introduction: Regarding the E. coli present on (or adhering to) the selected surface, we will 
adopt a contrasting approach. This involves specifically selecting the curli fimbriae, thereby 
localizing the bacteria to a single site and enhancing their survival; consequently, no results 
are expected to be observed in the regions situated downstream of the E. coli. 

Purpose: This study aims to elucidate the experimental characteristics of organic E. coli 
(specifically regarding curli-related effects and functional activity) and to evaluate whether 
common white kidney bean extract (FBE) can modulate these factors to produce specific 
outcomes. 

Methods: The survival of E. coli on lettuce surfaces was evaluated following treatment with 
either 0.85% NaCl or FBE (25–200 µg/mL). Planktonic and sessile E. coli populations were 
isolated separately, and the expression levels of the csgD and acrB genes were quantified 
using RT-qPCR. Survival rates were assessed following treatment with a low concentration of 
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ampicillin (8 µg/mL). Bacterial counts were measured in CFUs (n=3). In in vivo cells, the 
expression levels of csgD (2.8-fold) and acrB (2.7-fold) were maintained relative to those in 
beta cells (p < 0.05), while survival rates increased in the absence of ampicillin (8.9 log CFU/
mL). Subsequently, when the biofilmed bacterial population was incubated with FBE (25–100 
µg/mL) in the presence of ampicillin for 24 hours, the viable cell counts were observed to be 
8.7, 8.5, and 1.8 log CFU/mL.

Significance: In cases of the colon presenting with surface lesions, tissue damage is driven 
by cellular and organ-level activity—specifically involving cellular tissue—rather than merely 
by mechanical forces. By identifying these determinants through the analysis of small-scale 
samples, this study addresses a gap in our understanding of the underlying sources of 
damage and offers mechanism-based strategies for mitigating associated risks.
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Abstract:
 

Introduction: Exposure to sublethal sanitizer conditions may alter Listeria 
monocytogenes (Listeria) persistence and tolerance to antimicrobial interventions on food 
contact surfaces (FCS).

Purpose: This study evaluated the effects of prior sublethal oxidative (O) and acid stress (AS) 
on Listeria survival on soiled FCS, and its subsequent inactivation by lactic acid (LA; 2% v/v), 
peracetic acid (PAA; 120 ppm and 375 ppm), and/or ultraviolet light (UV-C; 1457 mJ/cm2).

Methods: A 4-strain Listeria cocktail was subjected to sublethal oxidative (PAA, 30 s.) or acid 
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