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Conclusions
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• E. coli VBNCs induced by exposure to low-level 

antimicrobials (0.001% PAA and 0.01% H2O2) for 3 days.

• A CNN model was trained using HMI pseudo-RGB 

images, achieving 97% accuracy in classifying normal 

and VBNC cells.

• The study highlights the potential of automating and 

accelerating VBNC detection by integrating HMI and 

CNN image classification.

• AI-enabled HMI shows strong potential for rapid 

pathogen detection and timely intervention to prevent 

foodborne illnesses and outbreaks.
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Fig. 2. Viability and culturability of stressed E. coli (n=3)

Introduction

HMI System

• HinaLea 4250 hyperspectral camera + Olympus BX43

• CytoViva darkfield illuminator

• 100× oil-based objectives, exposure 200 ms, gain 16 dB

Stressor Concentrations

• Acidic: 0.001%, 0.01%, 0.1% peracetic acid (PAA)

• Oxidative: 0.01%, 0.1% hydrogen peroxide (H2O2)

• Bacteria in a viable but non-culturable (VBNC) state are 

alive but cannot be grown on standard culture media.

• Sublethal stressors, such as antimicrobial residue, can 

induce VBNCs, making detection with standard 

methods difficult.1

• Hyperspectral microscopy imaging (HMI) can rapidly 

classify live and dead bacterial cells.2

• Convolutional neural network (CNN) models have been 

used to rapidly classify bacterial morphology.3

Objectives

The objectives of this study were to: 1) induce the VBNC 

state in Escherichia coli K-12 cells under low-

concentration antimicrobial stressors, 2) obtain HMI data 

capturing physiological changes in VBNCs, and 3) 

automate the classification of normal and VBNC cells by 

training a CNN model.

Fig. 4. Confusion matrices for model inference on testing set (n=40)
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Fig. 3. Spectral profiles of normal (A) and VBNC (B) cells with 

3 characteristic pseudo-RBG wavelengths
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Viable but Non-Culturable Induction of E. coli by Low-Level Antimicrobials and Its 
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Fig. 1. Schematic diagram of overall workflow: VBNC induction and its detection by AI-enabled HMI
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