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Abstract: Biofilms are microbial communities composed of bacteria cells and self-produced extracellular polymeric
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substances and lead to antibiotic resistance, forming a great threat in the fields of medicine, food industries and so on. The
formation of biofilms is a multi-stage dynamic process regulated by multiple mechanisms. Recently, researchers paid much
more attention to the related research areas of biofilms, especially the detection methods of biofilms. This paper introduced the
characteristics and formation process of biofilms as well as the effects of quorum sensing on biofilms development.
Meanwhile, we discussed the detection methods of biofilms, especially electrochemical impedance spectroscopy (EIS) in
detection of biofilms in detail. Furthermore, we reviewed and predicted that microfluidic chips based EIS served as an in-situ

and online monitoring method for biofilms growth.
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Tablel Methods of biofilms detection and its characteristics and application

Methods Advantage Disadvantage Application
Chemica Crystd violet staining Versatility, Lack of reproducibility, Measurement of biofilm
methods high-throughput lack of sengtivity biomass
Reassuring saining Non-toxic, less High lower limit, not suitable Measurement of biofilm
time-consuming for poly-microbia consortia metabolic activity
Microscopy Confocal laser scanning Resolution compatible Interference properties of Biofilm visuaization
methods mi croscopy with single cell biofilms with the fluorescence
visudization probes
Scanning electron microscopy  Resolution higher than Tedious, time-consuming of Study of biofilm spatia
other imaging techniques  sample preparation structure
Atomic force microscopy Nondestructive technique  Inability to obtainalargearea  In Situimaging of
survey scan biofilm
Microbiologicad  Colony formation units Easy to perform Time-consuming Detection of bacterial
and molecular concentration
methods Quantitative polymerase chain  Time-saving Expensive, overestimatesthe  Detection of bacterial
reaction (0-PCR) number of cells dueto the concentration
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Fig. 2 Scheme of the impedance response factors caused by microorganisms.
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Fig. 3 Examples of the microfluidic chips applied for biofilms detection based on electrochemical impedance
spectroscopy. (A) Microfluidic impedance chip for Pseudomonas aeruginosa biofilms detection based on gold
electrodes deposited polypyrrole and a modified Randles circuit with an additional adsorption CPE and coating CPE to
analysis impedance spectroscopy of Pseudomonas aeruginosa biofilms. (B) Photograph of a cyclic olefin copolymer
substrate with gold electrodes and contact pins for impedance detection of Pseudomonas aeruginosa biofilms. (C)
Microfluidic impedance chip for E. coli biofilms detection based on indium-tin-oxide-coated electrodes and equivalent
electrical circuit which described the electrochemical interactions between the biomaterial and the conducting surface.
(D) Microfluidic impedance chip containing four interdigital microelectrodes for E. coli detection in urine samples and
equivalent electrical circuit for impedance analysis. (E) Schematic layout of the microfluidic impedance chip for
Pseudomonas fluorescens biofilms detection based on graphite electrodes and time series Nyquist curves of
Pseudomonas fluorescens biofilms growth. (F) Microfluidic impedance chip containing reference electrode(RE),
interdigital microelectrode(IDUE), punctual electrode(PE), counter electrode(CE), Ag/AgCl electrode, and working
electrode(WE) for Saphylococcus aureus biofilms detection.
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