
INTRODUCTION

VConcerns for food safety of leafy greens exist due to the 

presence of pathogens (e.g., Escherichia coli) and because 

leafy greens are often consumed minimally processed.

VBacteria experience wide ranges of fluid shear during the 

natural course of cross-contamination in leafy greens and 

decontamination processes (e.g., irrigation, washing and 

surface sanitizing steps). 

VPathogens attach to the complex topography of leafy green 

surfaces, which reveals their persistence even after 

decontamination processes. 

- Hierarchical stalks (trichomes)

- Natural openings (stomata)

- Cracks & grooves (crevices)

VMicrofabrication of leaf surface replicas has been applied to 

identify the individual factors influencing microorganism 

motilities and viabilities as well as microcolony formation under 

the controlled environment (i.e. level of shear).

METHODS
Fabrication of micropatterned surfaces and channels

ÁMicrofabrication steps (soft-lithography)

ÁMicrostructure features

ÁMicrofluidic platform assembly

- Candellia wax coating on 

microstructures 

: dip-coating & drying

- Argon (Ar) plasma 

treatment 

: for PDMS/PDMS or 

PDMS/glass bonding

Experimental set-up

Á Static: no flow; incubated for 36 hrs at 37°C

Á Fluid shear conditions: 750 nl/min for 36 hrs at 37°C

Bacterial strains, agar plating and enumeration

Imaging processing and analysis

ÁGreen fluorescent protein (GFP)-tagged Escherichia coli O157:H7

ÁMultiphoton microcopy (MPM)

- non-invasive; high-resolution 3D microscopy; label-free

- Olympus FluoView FV1000MPE microscope

ÁQuantification 3D bacterial colony images

- Normalized fluorescence intensities per biovolume vs. plate counts

- ImageJ/FIJI (NIH) & IMARIS (Bitplane, Concord, MA)

: For 3D reconstructions of image stacks & heat map

RESULTS

CONCLUSIONS

ÇE. coli persisted in significantly greater numbers as 

microstructure size increased, with the exception of diagonal 

arrays, where no specific pattern could be discerned.

ÇMorphology features, surface hydrophobicity and level of shear 

appear to determine the morphology and area of bacterial 

colonization and enhance the possibility of arcs and bridges 

between adjacent structures.

ÇStudies on persistence of E. coli and other enteric pathogens 

will help in understanding their mechanism of attachment to 

fresh produce and developing mitigation strategies (i.e. 

washing and surface sanitizing).
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ABSTRACT
Pathogenic bacteria can attach and infiltrate onto fresh produce, 

leading to foodborne disease outbreaks. Pathogens might use 

hierarchical stalks, crevices and natural openings on the leafy 

greens to survive washing. In this study, we assessed the 3D 

configurations and distributions of Escherichia coli O157:H7 

colonization on features of leaf surfaces under fluid shear stress. 

The colonization of green fluorescent protein (GFP)-tagged E. coli

was characterized using multiphoton fluorescence microscopy 

and compared under static (incubated for 36 hrs at 37°C) and 

shear flow conditions (750 nl/min for 36 hrs at 37°C). For 

microfabricated features to mimic the trichomes, stomata, and 

crevices, we demonstrate that natural wax-coated 

polydimethylsiloxane (PDMS) retains similar topographies to 

abaxial surface of leafy greens.

For trichomes, E. coli under shear flow aligned its colonization 

parallel to the direction of flow, while its colonization without flow 

had no preferential alignment. Depending on size and spacing of 

the trichome arrays, different bacterial colonization patterns grow 

radially from initial microcolonies to form in the shape of an arc 

due to surface hydrophobicity and fluid shear with a nutrient-rich 

medium. For crevice and stomata arrays, enhanced microcolonies

of E. coli were seen at the edges of individual microstructures 

under shear flow. These colonies existed predominantly in the 

near-wall side of channels rather than the center stream, due to 

lower shear at these locations. The results indicate that bacterial 

translations and colonization in response to shear flow can affect 

fresh produce contamination during irrigation and washing events.
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AIM
The objectives of this work were to expand our knowledge on the 

interaction of E. coli with 3D biomimetic microstructures (i.e. 

trichomes, stomata, and crevices) modelled on leafy green 

surfaces and the role of surface adherence factors in bacterial 

colonization under fluid shear stress. 

Ç Characterization of micropatterend features

Ç 3D E. coli O157:H7 colonization onto 

microstructures as observed with MPM
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V E. coli were seen at the edges 

of individual microstructures

VPredominantly in the near-wall 

side of channels rather than 

the center stream


