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Overview

• Living in a world filled with potential 
pathogens is risky

• Nature has solved the problem of 
coexisting with pathogens in 
different ways

• Leveraging the experiments of nature 
can improve food safety



A Sense-able Approach:
SMELL

• Opportunistic feeders use smell to 
find and interrogate food
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Array-Based Chemical Sensing
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Caltech / Next Dimension Technologies

In mammalian olfaction, arrays of receptors
respond differently to different odors, creating
unique fingerprints that can be analyzed by the
brain

The process can be artificially
reproduced using arrays of
chemiresistive sensors
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Detection and Quantification of Chemically Similar Species
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A Sense-able Approach:
VISION

• Hunters use "tracks" to follow and find 
prey, while avoiding predators

• The "tracks" laid down by bacteria can be 
used to confirm where the bugs are hiding

• Near-IR spectroscopy approach detects 
and quantifies bacterial metabolites 
(tracks)





• Engineered nanoparticles complex 
melamine in milk, causing color change



A Sense-able Approach:
TASTE

• Bitter and other chemosensory percepts 
warn against food dangers and spoilage

• The "taste" of a bacteria tells 
bacteriophages which microbes to attack

• The chemosensory discrimination of phages 
results in a high level of specificity



What are Phage Lytic Enzymes?
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Bacillus  cereus (RSVF) treated with PlyG Lysin



Use of PlyG Lysin for Rapid
Identification of B. anthracis Spores

Spores

 + germinant
      (L-ala)

+ lysin  5 min ATP
Release

Luciferin
Luciferase

SIGNAL
Germinating 

spores

60 C



Detection of Bacillus Spores
after 5 min exposure to L-ala as germinant

~500 bacillus spores
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A Sense-able Approach:
TOUCH

• Ripe and nutritious fruit are selected 
both by sight and feel

• Pathogens and toxic proteins can be 
individually weighed using novel 
approaches



Weighing Biomolecules, Single Cells, and 
Single Nanoparticles in Fluid

Frequency

A
m

pl
itu

de

Fluid flows through
hollow resonator
Improves resolution by 106x

0
-3
-2
-1
0

5 10 15
Time (min)

Fr
eq

ue
nc

y 
sh

ift
 (H

z)

Label-free 
Protein 
Detection

Nature 446, 1066-1069 (2007)



Label-free
Detection

- Enables simple, one-step assay
- Susceptible to nonspecific binding
- Limited sensitivity

Surface Plasmon Resonance (SPR) Suspended Microchannel Resonator
(SMR)

1st generation SMRs achieve sensitivity 
similar to SPR and could readily be 
improved another 10x

Direct detection of total mass in the 
μchannel (not just near the surface) 
enables detection of single cells

Ultra-low fouling surfaces
S. Jiang, Univ Washington

Reduces NSB by 
>100-fold more 
than ethylene 
glycol-based 
surfaces



Measuring growth of  
single E.coli cells with 

a resonant microchannel

Applications
i) Development of anti-microbial peptides
ii) Identification of ‘injured’ bacteria
iii)Screening for drug resistant bacteria



Developing Sense-able 
Systems as Integrated Tools

• A portable/hand-held laboratory on a 
slide can be adapted to many 
different environments (field, 
transport and processing)

• Rapid and reliable reporting on the fly



Reagentless, Electrochemical Metal 
and Small Molecule Detection
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A Summary of Sense-able 
Approaches:

• Leveraging nature's solutions can 
create highly selective and sensitive 
tools

• Proof of principle studies 
demonstrate utility of approaches

• Many of the laboratory-based 
techniques can be adapted to 
manufacturing environments



Food Safety:
A “Sense-able” Approach


