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Microbial Ecology of Food & Agriculture Systems
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Microbial evolution
Microbial interactions
Applied interventions
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AI in Agriculture: Faculty Cluster Hire
Themes in AI:
• Machine learning models

• Precision agriculture (animal feeding, 
irrigation scheduling)

• Internet of Things (IoT) sensors
• Automation and robotics (production line)

• Computer vision for pest management

• Animal behavior through video 
imaging/spectra

• Weather and climate assessment

• Remote sensing, UAV (drone)



Latest Reports
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Worldwide: Lake et al. 2026, The Lancet

 866 M illnesses
 1.5 M deaths
 $310+ B economic damages

“Access to safe and nutritious food is an important determinant of health”

USA: Scallan Walter et al. 2025, Emerg Infect Dis

 7 major pathogens
 9.9 M illnesses
 53,000 hospitalizations
 931 deaths

US-CDC
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AI in Food Safety

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design
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“How can AI help improve food safety?”
Qian et al. 2023 – Annu Rev Food Sci Tech
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Gao & Blaustein, In Review

Big Data and AI 
in Food Safety: 
Progress and 
Opportunities

Mairui Gao



Cronobacter sazakakii
across global food system

Food

Clinical

Production 
Environment

Henry & Fouladkhah, 2019
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Genomic diversity from production to consumer

• Location
• Sources

GPT 3.5 fine tune model

CheckM

Annotation: Prokka

Pangenome: Panaroo

Download genome assembly

Key Features 
• BLASTp
AMR (CARD) 
Virulence (VFDB)
• eggNOG-mapper
Metabolism (COG)

Random Forest
Link to ‘Biogeography’

• Genome Accessions
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Datasets leveraged, QC metadata and genomic data

ContinentSpecific source Source

Gao et al. 2025 — Int J Food Micro

Automated 
metadata 
categorization
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Genome content across sources and scale

N100 = 15.0

Number of genomes
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Gao et al. 2025 — Int J Food Micro



13Gao et al. 2025 — Int J Food Micro

Machine learning accurately predicts isolate origins

Random forest model: 
- 70% training set, 30% testing set, 10-fold cross-validation, 10 times repeat
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Biogeography of genomic features, including virulence

Efflux system Recombination, 
replication/repair

Top 50 VF 
homologs

T6SS

Tip protein: VgrG
Tube protein: Hcp

Outer membrane protein: 
OmpA

Molecular targets for risk prediction

Heavy metal 
response



Campylobacter jejuni
Clinical cases reflect evolutionary 
trajectories from distinct animal reservoirs

ProcessingFarm Products

CDC



Adaptive response to animal origins

16Gao et al. In Preparation

Cattle Chicken

AMR Genotype Patterns



Food and foodborne 
pathogen  traceability

Microbiome and Antimicrobial Resistance (AMR)



ML predicts irrigation sources from microbiome
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CG: Community garden
F: Urban farm

Natural water

City water

Accuracy: 0.88
auROC: 0.93

Gao et al. In Review 



Integrated Farming: AMR E. coli
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Dlangalala et al. In Review

Small-scale vs. Commercial 
Crop & Pig Production

Manana Dlangalala



ML predicts E. coli source origins
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Accuracy: 0.77
auROC: 0.84

Antibiotics Screened

Small

Comm.

Farm scale
Erin Harrelson

Dlangalala et al. In Preparation



21

Broader AI applications in food safety
Genomics/Protein language 

model (gLM/pLM)

Large language model (LLM) on 
(meta)genomic sequence data
● ESM2 (Lin et al. 2023)

● LookingGlass (Hoarfrost et al. 2022)

● Bacformer (Wiatrak et al. 2025)

Imaging/Spectral Systems Hazard extraction
Rapid detection applications
● Microscopy
● Raman spectroscopy
● Hyperspectral
● UV-Vis
● Integration tools, e.g., 

YOLOv4, ResNet50, CNNs, 
transformers)

Online resources
● Scientific literature and 

web-based search
● Transaction and trade 

records
● Social media content 

(e.g., TWEET-FID)
● Domain-specific LLMs 

(e.g., FoodSky, FoodGPT)

Zhou et al. 2025



What AI tools are you and your 
organizations using?
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What is your preferred AI 
agent?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


Future is still wide open…

24*Image created in Gemini



Summary
● Big data: operational, regulatory, consumer domains
● AI/ML applications are rapidly expanding
● Molecular targets may enhance risk prediction
● Foodborne pathogen genomics

○ Understanding adaptive response
○ Source attributions

● Food traceability
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Thank you!
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rblauste@umd.edu

Lab Website

@rblauste

Mairui Gao, PhD
Abani Pradhan, PhD
Mostafa Ghanem, PhD
Magaly Toro, PhD
Shirley Micallef, PhD
Rohan Tikekar, PhD
Manana Dlangalala
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Qingyue Zeng
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Julia Chen
Kevin Lam



Questions?
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