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PREVENTING FOODBORNE ILLNESS
ACS MEETING NEWS: Nanomaterial-based sensors might enable

farmers and consumers to detect food pathogens in real time
LAUREN K. WOLF, C&EN WASHINGTON

technicians typically try to grow bacterial
colonies from the specimens to visually determine a pathogen’s presence. In some cases, a lab might home in on a microorganism
by searching for its proteins or DNA with
antibody assays or amplification methods,
respectively. This analysis can take days.
“By the time a farm gets results, it’s probably already used the water,” Nugen told
C&EN. Similarly, a processor’s food might
be fine when samples are taken but can
spoil or go stale during the waiting period.

BEGINNING IN JULY 2011, 33 people died

CEN.ACS.ORG

40

MAY 6, 20 13

TO MAKE A DEVICE that works quickly,

on-site, and as accurately as tried-and-true
lab instruments and methods is no small
task, said Yi Lu, a chemist at the University
of Illinois, Urbana-Champaign. Not only
does the sensor have to be simple to use and
affordable for businesses such as farms, he
explained, it also has to detect dangerous
microorganisms with sensitivity and selectivity similar to that achieved in the lab.
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Nanomaterials’ minuscule dimensions—much less than the diameter of a
human hair—make it possible for nanosensors to detect pathogenic bacteria with high
sensitivity, said Joseph Irudayaraj, a biological engineer at Purdue University. Bacteria
are generally 1 to 3 μm in size, he said, so
a slew of nanoparticles can crowd around
and stick to a microorganism’s outer surface, amplifying the signal they give off.
Irudayaraj, who wasn’t able to attend the
symposium in New Orleans, recently took
advantage of this phenomenon to detect
Listeria in milk. His research group coated
iron oxide nanoparticles with an antibody
specific for Listeria.

When mixed with contaminated milk, a
number of the magnetic particles glommed
onto each bacterial cell. The researchers
then fished the particles and their pathogen
cargo out of the liquid with a simple magnet. They detected Listeria in the magnetconcentrated sample via a reporter enzyme
also attached to the nanoparticles. The
horseradish peroxidase enzyme changed
the color of small molecules the researchers
added to the mix, allowing the scientists to
spot as few as 97 bacterial cells per milliliter
of milk in two hours (Anal. Bioanal. Chem.,
DOI: 10.1007/s00216-013-6742-3).
Although this level of detection isn’t
yet as good as that achieved by bacteriagrowing methods, Irudayaraj said, it’s better than that of most commercial immunoassays for bacteria, which can’t detect
fewer than 100,000 cells per mL.
ANOTHER VIRTUE OF nanomaterials’

small size is their high surface-to-volume
ratio, said Evangelyn (Vangie) C. Alocilja, a
biosystems engineer at Michigan State University. This parameter enables scientists to
densely pack a particle’s surface with many
different types of capture molecules. Alternatively, it allows them to attach myriad
signal-amplifying substances, a scheme
Alocilja takes advantage of in her lab.
In New Orleans, Alocilja described her
team’s efforts to build a portable nanosensor for Escherichia coli O157:H7, an illnessinducing bacterium often found in ground
beef. The group designed a three-part
pathogen-sensing scheme for testing food.
The first part is a magnetic iron oxide
nanoparticle coated with an antibody
against E. coli O157:H7. The second is a gold
nanoparticle coated with a second antibody
to the pathogen, plus lead sulfide spheres
tethered to the gold via short molecular
chains. When the third part, the pathogen, is
present, it brings together the other two in a
sandwich complex. To detect the pathogen
in beef juice, for instance, Alocilja’s team
magnetically pulls the three-part complex
out of the liquid. Using a handheld electronic device, the researchers can detect
the E. coli O157:H7 electrochemically via the
lead sulfide spheres. Only when all three
parts of the “sandwich” stick together is
detection possible. So far, Alocilja said, the
team has been able to detect just 10 pathogen cells per mL of sample with the method.
Nugen, the UMass food scientist, has
also detected extremely low levels of E. coli
with a signal amplification approach.
His team chemically attaches magnetic

“Imagine extracting bacteria from
peanut butter. It’s not easy.”
nanoparticles to bacteria-infecting viruses
called bacteriophages. Once these phages
bind to E. coli, the researchers magnetically
remove both microorganisms from the
sample being tested. They then wait while
the viruses replicate, which creates a lot of
signal, even though there may have been
only a few bacteria in the original sample.
Although his team is still confirming its results, Nugen estimated that the technique
can pinpoint fewer than 10 E. coli cells per
mL of sample in under an hour.
Putting all these elegant nanomaterialbased detection schemes into a neat sensor
package is the next challenge for this stillnascent research community. Scientists
want their food safety nanosensors to be as
compact and easy to use as pregnancy tests,
glucose meters, and other successful medical diagnostics.
These devices have it easier than food
sensors, though, because they have lim-
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ited substances to deal with, Alocilja said.
“You have blood serum, plasma, or urine,”
she said. But with foods, there’s an A-to-Z
range of substances to contend with.
“Imagine extracting bacteria from peanut butter,” she added. “It’s not easy.”
Outbreaks of food-borne illness, though,
are so devastating to the food industry and
consumers that scientists will keep pushing toward a solution. Alocilja thinks some
of these nanosensors for food safety might
make it to market in two to three years.
And with the New Orleans symposium organized by FDA staff, it’s apparent federal
agencies are supporting the effort.
“To ensure that human beings have access to safe food is one of the most sacred
and important tasks performed by any
government,” FDA’s Duncan said. “Any
emerging technology that can make that
job easier is a technology worth putting
time and resources into.” ◾

