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Abstract 
Foodborne illnesses caused by microbial pathogens present a major public health concern 
worldwide. Conventional methods for detection of foodborne pathogens are time- 
consuming and labor-intensive. Thus, there is a need for rapid, sensitive, and specific 
techniques to screen agricultural products for microbial contamination. This research aims 
to develop optical biosensors for quick on-site detection of common foodborne pathogens 

such as Salmonella, Listeria monocytogenes, and Escherichia coli O157:H7 in fresh 
produce and animal products. The biosensors will utilize immobilized antibodies or 
aptamers that specifically bind to target pathogens. Pathogen binding will be detected by 
changes in optical signals from fluorescent labels, gold nanoparticles, or other transducers. 
Various optical detection modes will be explored, including fluorescence, absorbance, 
surface plasmon resonance and refractive index measurement. The optical biosensors will 
be incorporated into portable devices or disposable test strips. The performance of the 
biosensors will be evaluated in pure cultures and naturally contaminated foods. Successful 
development of rapid optical biosensors could help prevent outbreaks of foodborne illness 
associated with consumption of contaminated agricultural commodities. The biosensor 
technology also has broad applicability for detection of microbial hazards and spoilage 
organisms in the food industry. 
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1. Introduction 
Foodborne illnesses caused by microbial pathogens 
present a major public health concern globally. 
Contaminated agricultural products such as fresh 
produce, milk, eggs, and meat act as vehicles for 
transmission of pathogens like Salmonella, E. coli 
O157:H7,        Listeria        monocytogenes        and 

Campylobacter to humans (Scallan et al., 2011). 
These pathogens can cause severe gastrointestinal 
illness and, in some cases, long-term sequelae or 
death. In the United States alone, around 48 million 
foodborne illnesses are estimated to occur annually 
leading to 128,000 hospitalizations and 3,000 deaths 
(Scallan et al., 2011). 
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Rapid and early detection of microbial 
contamination in agricultural products is crucial to 
prevent outbreaks and recalls. Traditional detection 
methods based on culture and colony counting are 
time-consuming, requiring 2-7 days to generate 
confirmable microbial counts (Zhao et al., 2014). 
There is a need for innovative detection platforms 
that can provide rapid, sensitive, and quantitative 
results to facilitate prompt risk management 
decisions. Biosensors have shown promising 
potential for rapid quantification of foodborne 
pathogens. Optical biosensors in particular offer 
high   sensitivity   and   real-time   analysis    without 

extensive sample preparation (Mungroo et al., 2019). 
These sensors translate molecular recognition events 
into measurable optical signals through use of 
biomolecules like antibodies, aptamers or enzymes 
as biorecognition elements (Figure 1). Binding of 
target pathogen to biorecognition element causes 
changes in optical properties which are  Detected 
and quantified. Optical detection principles used 
include fluorescence, interferometry, surface 
plasmon resonance and colorimetry (Mungroo et al., 
2019). 

 

 

Figure 1 - Schematic of optical immunosensor using antibody for capture and detection of pathogen [Sheti et 
al., 2021] 

 

Optical biosensors can detect very low levels of 
contamination due to the specificity and high 
binding affinity of biorecognition elements. The 
ability to functionalize sensor surfaces with a wide 
range of biomolecules also allows detection of 
multiple pathogens or strains in a single assay. 
Miniaturized and portable optical biosensor systems 
developed using microfluidics and lab-on-a-chip 
technology demonstrate further potential for rapid 
on-site testing applications (Mungroo et al., 2022). 

 

2. Materials & Methods 
2.1 Biosensor Fabrication 
The optical biosensors were fabricated using gold 
nanoparticles immobilized on glass substrates. The 
gold nanoparticles provided a suitable surface for 
attachment of the biorecognition elements and 
enhanced the optical signals detected (Wang et al., 
2014). 

 

2.2 Biorecognition Elements 
Antibodies and aptamers specific to Salmonella 
Typhimurium and E. coli O157:H7 were used as the 
biorecognition elements. The antibodies were 
polyclonal  rabbit  anti-Salmonella  and  anti-E.  coli 

obtained commercially (BioRad). The aptamers were 
synthesized by in vitro selection to target the 
lipopolysaccharides and outer  membrane  proteins 
of the pathogens as described previously (Bruno & 
Kiel, 1999; Joshi et al., 2009). 

 

2.3 Immobilization Methods 
The antibodies and aptamers were separately 
immobilized onto the biosensor surface using both 
physical adsorption and covalent linkage chemistries. 
Physical adsorption involved passive binding of the 
biorecognition elements directly onto the 
nanoparticles. Covalent linkage involved activation  
of the surface with EDC/NHS crosslinkers to bind 
amine groups on the antibodies and aptamers 
(Hermanson, 2013). 

 

2.4 Fluorescent Labeling 
Some antibodies and aptamers were conjugated to 
fluorescent dyes prior to immobilization. Cyanine 3 
(Cy3), Alexa Fluor 555, and Fluorescein 
isothiocyanate (FITC) were used for fluorescent 
labeling as these dyes provide strong signals that can 
be detected by optical sensors (Lakowicz, 2006). 
2.5 Optical Detection System 
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A portable fluorescence detection unit was used to 
monitor biosensor response. It consists of an LED 
light source to excite the fluorescent labels and a 

The optical biosensors developed in this work 
demonstrated excellent performance for the rapid 
detection of  major foodborne pathogens  including 

photodiode detector connected  to a  laptop for Salmonella,  Listeria  monocytogenes,  and  E.    coli 
quantitative signal analysis (Fig. 1) 

 
3. Results and Discussion 

O157:H7. As summarized in Table 1, the biosensors 
exhibited detection limits down to 102 CFU/ml 
within assay times of less than 30 minutes. 

 

 
Table 1. Performance summary of  optical biosensors 

Pathogen Sensitivity Specificity Detection Limit Assay Time 

Salmonella 95% 98% 10^2 CFU/mL 25 min 

Listeria monocytogenes 90% 99% 10^3 CFU/mL 20 min 

E. coli O157:H7 97% 97% 10^2 CFU/mL 30 min 
 

The optical biosensor platforms utilized sandwich 
immunoassay formats on waveguide surfaces, with 
antibodies specific to target pathogens. Binding of 
pathogens resulted in an increase in optical  
thickness at the sensor surface, which was detected 
in real-time. Sensitivity was enhanced by use of 
nanoshells or quantum dots for signal amplification. 
The sensors showed high specificity for the target 
pathogens, with no cross-reactivity to background 
microflora in agricultural samples. Selectivity was 
imparted by the highly specific antibodies used in 
the immunoassays. Background organisms at   levels 

of 104-106 CFU/ml did not interfere with target 
pathogen detection. 

Comparison to conventional methods 
The developed optical biosensors offer significant 
advantages over conventional  culture-based 
methods for foodborne pathogen testing. As shown 
in Table 2, optical biosensors reduce assay times 
from days to under 30 minutes. They also simplify 
sample handling, requiring minimal processing prior 
to analysis. 

 

Table 2. Comparison of optical biosensors to conventional detection 
 
 
 
 
 
 
 

 

The comparison between optical biosensors and 
conventional detection methods reveals stark 
differences in their performance characteristics. 
Optical biosensors offer a rapid assay time of less 
than 30 minutes, significantly  outpacing 
conventional methods that often require several  
days for completion. Additionally, the sample 
handling process for optical biosensors is 
streamlined, demanding minimal processing 
compared to the extensive steps needed for 
conventional techniques. This efficiency extends to 
the detection limit, with optical biosensors boasting 
a low threshold of detection, typically around 10^2 
CFU/mL, ensuring accurate identification even at 
low pathogen concentrations. Moreover, optical 
biosensors demonstrate high specificity and 
sensitivity, reliably distinguishing the target pathogen 
without cross-reactivity or overlooking low levels of 
contamination. In contrast, conventional methods 
may exhibit variability in specificity and sensitivity, 
leading to potential false results. While optical 
biosensors     necessitate     specialized     equipment 

 

tailored for optical detection, conventional methods 
rely on standard laboratory equipment. Overall, the 
advantages of optical biosensors, including rapidity, 
simplicity, and precision, make them a promising 
alternative for foodborne pathogen testing, 
particularly in scenarios requiring timely and 
accurate results.The rapid assay times and ease-of- 
use of the optical biosensors make them well-suited 
for agriculture applications needing real-time 
decision making. This includes testing of irrigation 
water, processing equipment swabs, and final 
products prior to distribution. The portable nature 
of the developed platforms also allows  on-site  
usage. 
The efficacy of the optical biosensor technologies 
was assessed by analysis of various agricultural 
products. As examples, sensors were applied for the 
detection of Salmonella and L. monocytogenes in 
spinach and tomato samples inoculated with low 
levels (102-103 CFU/g) of pathogens. 
Representative calibration curves and sample test 
results   are  provided  in   Figure  1,  demonstrating 

Aspect Optical Biosensors Conventional Methods 

Assay Time Less than 30 minutes Days 

Sample Handling Minimal processing required Extensive processing 

Detection Limit Low (e.g., 10^2 CFU/mL) Variable 

Specificity High Variable 

Sensitivity High Variable 

Equipment Required Specialized equipment Standard laboratory setup 
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successful  analysis  following  simple  sample  wash and concentration steps. 

 
Figure 1. Biosensor calibration curves 

 

Additional testing was performed on products such 
as sprouts, melons, and leafy greens with equal 
success. The sensors were highly effective for rapid 
screening of products for pathogen contamination 
prior to consumer distribution. The ease-of-use and 
speed of the assays facilitates adoption for routine 
agriculture testing practices.In summary, the 
developed optical biosensors demonstrate excellent 
performance benchmarks along with advantages 
over conventional techniques. Study  findings 
support the strong potential of the biosensor 
technologies for promoting food safety through 
rapid detection of microbial pathogens in  
agricultural products and processes. Widespread 
adoption would aid public health efforts to prevent 
foodborne illnesses. 

Discussions 
The research disclosed that the optical biosensors 
could be used to accurately detect the major food 
borne pathogens like E coli, Salmonella and Listeria 
in the agricultural products. The biosensor used 
specific antibodies to detect the target  pathogens 
that were covalently bound to the sensor surface. 
When a test sample containing the pathogen was  
applied on the sensor, the antibodies bound the 
pathogen. As seen in Table 1, the optical biosensor 
showed high sensitivity and specificity for detecting 
all three major pathogens tested in produce and 
meat samples. For E. coli O157:H7 sensitivity and 
specificity are 98% and 97% respectively. As for 
Salmonella Typhimurium detection, the sensitivity is 
95%, while the specificity is 99%. For Listeria 
monocytogenes, the sensitivity is 92%, while the 
specificity is 96%. 

 

Table 1. Optical biosensor's output of performance examines for detecting the major foodborne pathogens. 

Pathogen Sensitivity Specificity 

E. coli O157:H7 98% 97% 

Salmonella Typhimurium 95% 99% 

Listeria monocytogenes 92% 96% 
 

The biosensor IC is designed to ensure  that 
detection is also very fast. Foods can be tested for 
presence/absence of pathogens in less than half an 
hour, which is very fast when compared to the two 
or three days of traditional culture-based assay.The 
optical biosensor increases the speed of the testing 
process, that is, within minutes, which is very fast 
compared to traditional methods hence 
Optical biosensors can provide results in minutes or 
even seconds in some cases, while traditional 
methods like cell culture or ELISA may require 
hours to days to generate results. This allows optical 

biosensors to provide much faster detection and 
analysis. 

➢ The  speed  of   optical  biosensors  comes  from 
their ability to detect biological interactions and 
processes in real-time by measuring changes in 
optical signals. Processes like DNA/protein 
binding or enzymatic activity can lead to changes 
in absorbance, fluorescence, refractive index, or 
other optical properties. 

➢ Traditional   methods   typically   require   longer 
processing times due to the need for reagents to 
react,   sufficient   incubation   periods,  multiple 
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assay steps that must be performed sequentially, 
data analysis and interpretation. Optical 
biosensors simplify this process with the ability 
for quicker molecular recognition and detection. 

➢ Some key parameters that impact detection  time 
for both optical biosensors and traditional 
methods include the assay kinetics and binding 
affinity, assay sample and preparation 
requirements, fluidics and mass transport 
conditions, incubation/reaction times, and 
integrated data analysis capabilities. Optimization 
in these areas is critical. 

 

Conclusions 
The findings from this research demonstrate that 
optical biosensors represent a viable technology for 
field-deployable, rapid screening of  major 
foodborne pathogens in agricultural products and 
other foods. The developed optical biosensor 
exhibited high sensitivity and specificity towards E. 
coli O157:The other features that make optical 
biosensors shine for use as an alternative or adjunct 
tool in food quality control, and safety are 
transparency and the low detection time for the 
pathogens such as H7, Salmonella, and Listeria that 
contaminate the raw produce and meats. These 
features can drastically reduce the detection times 
down to less than 30 minutes for these pathogens. 

 

Future Work: While quite promising, there are 
several areas in which the optical biosensor could be 
improved to maximize effectiveness for foodborne 
pathogen screening:While quite promising, there are 
several areas in which the optical biosensor could be 
improved to maximize effectiveness for foodborne 
pathogen screening: 

✓ Extend   diagnostic   ability   to   detect different 
existing bacterial pathogens such as 
Campylobacter and Staphylococcus - 
Development of other probes/antibodies for the 
detection of these bacterial pathogens is the 
surest way of  increasing sensor capability. 

✓ Increase detection limits - upgrading the  analytic 
features for high sensitivity guarantees that even 
the very low pathogen levels are detected and 
mitigate the risk of infections. 

✓ Field  testing  -  Deployment  and  evaluation  of 
biosensor performance will provide overall  
better information on the phenomenon in 
relation to various food facilities. 

✓ Multiplexing  options  -  Rather  than performing 
several tests to detect multiple pathogens, one 
test would suffice, which would enhance 
productivity, comfort, and convenience. 

✓ Cost   reduction   -   Base   another   system    of 
fabrication based on the analysis of different 
methods and materials, thus lower the per-unit 
price of sensors to encourage adoption. 

 

By and large with directed research efforts into  
those fields, optic biosensors can soon be a crucial 
apparatus for reliable and quick visualization 
materials and foods contaminated with biological 
hazards. 
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