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Separation: Leafy greens were surface inoculated with bacteria (Salmonella) to 
simulate field contamination. The greens were then incubated with liquid enzyme 
cocktails that digested the greens, resulting in a breakdown of the plant material. 
The sample was then filtered through a filter and the bacterial concentration on 
the liquid sample was determined. 

Concentration: Bacteriophages were engineered to contain a biotin tag on the 
capsid. This allowed the phages to be conjugated to streptavidin-coated magnetic 
particles and then used to bind bacteria and separate them from liquid samples.

Detection: The phages were also engineered to overexpress a reporter enzyme 
containing an affinity tag during the infection of the bacteria. The affinity tag 
allowed the attachment of the reporter enzyme to a simple dipstick where the 
sample was placed. A colorimetric substrate allowed the visual indication of the 
reporter enzyme, and therefore initial host bacteria, on the dipstick.
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We have developed a detection method starting from sample to results. The assay 
can be broken into three main objectives:

1. Separation of bacteria from leafy greens into liquid samples. Here we 
investigated methods to remove bacteria from the food surface in order to 
facilitate downstream detection.

2. Concentration of bacteria in liquid samples. Because minimum sample sizes 
are required, we investigated methods to concentrate the separated bacteria 
into smaller, cleaner samples.

3. Detection of bacteria from concentrated liquid samples. We planned to 
demonstrate a low-cost means of detecting the presence of bacteria using a 
dipstick that could be read by eye.

Rapid screening for indicator organisms and potential pathogens will allow 
increased assurance of produce safety. We have designed methods to separate, 
concentrate, and detect bacteria from both solid (spinach) and liquid (agricultural 
water) matrices. By minimizing the time from sample to results, the industry can 
proceed with production and distribution in a safer and more efficient manner. 

Separation: The use of enzyme digestion for the separation of bacteria adhered 
to the surface of leafy greens has led to almost twice the recovery of Salmonella 
when compared with standard methods.

Concentration: We have demonstrated that phages on magnetic particles 
bind, separate and concentrate bacteria much more efficiently than traditional 
immunomagnetic separation (IMS). This was particularly evident outside 
biological conditions with regard to temperature, pH, and salinity.

Detection: By engineering the phage to contain a reporter enzyme which can be 
captured on a dipstick, we were able to detect the presence of the enzyme using 
a colorimetric substrate. This allowed the visual indication of the presence of the 
initial bacteria.

There is a continuing need to develop new methods that can provide early 
detection of bacterial contamination in produce. In order for these new 
technologies to be pragmatic, attention must be paid to the assay time, cost, 
and robustness. We have developed a detection method starting from sample 
to results. The assay can be broken into three parts: 1) separation of bacteria 
from leafy greens into liquid samples, 2) concentration of bacteria in liquid 
samples, and 3) detection of bacteria from concentrated liquid samples. The 
three components were designed to be performed in sequence but can also be 
modularly incorporated into new or existing assays. This streamlined approach 
allows for a low-cost sample-to-results test which can be used for leafy greens or 
agricultural water.
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