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Abstract

Proactive management of foodborne illness requires routine surveillance of foodborne pathogens, which
requires developing simple, rapid, and sensitive detection methods. Here, a strategy is presented that
enables the detection of multiple foodborne bacteria using a 3D nanostructure swab and deep learning-
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based Raman signal classification. The nanostructure swab efficiently captures foodborne pathogens,
and the portable Raman instrument directly collects the Raman signals of captured bacteria. a deep
learning algorithm has been demonstrated, 1D convolutional neural network with binary labeling, achieves
superior performance in classifying individual bacterial species. This methodology has been extended to
mixed bacterial populations, maintaining accuracy close to 100%. In addition, the gradient-weighted class
activation mapping method is used to provide an investigation of the Raman bands for foodborne
pathogens. For practical application, blind tests are conducted on contaminated kitchen utensils and
foods. The proposed technique is validated by the successful detection of bacterial species from the
contaminated surfaces. The use of a 3D nanostructure swab, portable Raman device, and deep learning-
based classification provides a powerful tool for rapid identification (�5 min) of foodborne bacterial
species. The detection strategy shows significant potential for reliable food safety monitoring, making a
meaningful contribution to public health and the food industry.
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