
 

UV-A Fluorescence of Biofilms: 
Biochemical Basis and Detection in 

Food Processing 

Introduction 

Biofilms are communities of microorganisms (bacteria, fungi, yeasts) embedded in a 
self-produced extracellular polymeric matrix that adhere to surfaces. They often form 
invisible, thin layers on food-processing equipment, posing contamination risks. 
Interestingly, many biofilms autofluoresce when illuminated with UV-A light (~365 nm), 
emitting visible light that reveals their presence (Light and Autofluorescence, 
Multitasking Features in Living Organisms). This report explains why biofilms fluoresce 
under UV-A (the biochemical compounds responsible) and how this phenomenon is 
used to detect biofilms on food industry surfaces. We first examine the key intrinsic 
fluorophores in biofilms, then explore practical UV-A fluorescence detection methods – 
from simple UV lamps to advanced imaging devices – with real-world examples from 
food production environments. 

Biochemical Basis of Biofilm Autofluorescence 

Biofilms contain various intrinsic fluorophores – molecules that absorb UV light and 
re-emit it as visible fluorescence. UV-A (365 nm) excitation is energetic enough to 
excite several such biomolecules naturally present in microbial cells or their metabolites: 

●​ Aromatic Amino Acids: Amino acids like tryptophan, tyrosine, and phenylalanine 
have conjugated ring structures that absorb UV. Tryptophan (in bacterial 
proteins) is a strong intrinsic fluorophore excited around 280 nm, emitting around 
~340–350 nm (in the UV/violet range) ( Fluorescence-Based Quasicontinuous 
and In Situ Monitoring of Biofilm Formation Dynamics in Natural Marine 
Environments - PMC ). While much of tryptophan’s fluorescence is in the UV, it 
contributes to overall emission and can be harnessed at shorter UV wavelengths 
(e.g. 280 nm LEDs) for biofilm sensing ( Fluorescence-Based Quasicontinuous 
and In Situ Monitoring of Biofilm Formation Dynamics in Natural Marine 
Environments - PMC ). Under 365 nm light, direct excitation of tryptophan is less 
efficient, but proteins on cell surfaces can still exhibit a faint bluish-violet glow 
due to their aromatic amino acids (Light and Autofluorescence, Multitasking 
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Features in Living Organisms).​
 

●​ NADH / NADPH: Nicotinamide adenine dinucleotide (in its reduced form, NADH, 
or NADPH) is a coenzyme in microbial metabolism and one of the strongest 
cellular fluorophores. NADH absorbs UV in the ~330–380 nm range and emits 
blue light (peak ~440–460 nm) (Light and Autofluorescence, Multitasking 
Features in Living Organisms) (Light and Autofluorescence, Multitasking Features 
in Living Organisms). In fact, NADH/NADPH autofluorescence (blue) is commonly 
used as a metabolic indicator in cells. In biofilms, the high concentration of 
bacteria means NADH can produce a noticeable blue fluorescence under a 365 
nm lamp, signaling active microbial metabolism.​
 

●​ Flavins (FAD, FMN, Riboflavin): Flavin adenine dinucleotide (FAD) and related 
flavins are important metabolic cofactors that fluoresce. Flavins have excitation 
peaks both in the near-UV (~360–380 nm) and blue (~445 nm) and emit 
greenish light (multiple peaks around 480–540 nm) (Light and Autofluorescence, 
Multitasking Features in Living Organisms). In bacteria, flavins (free or 
enzyme-bound) contribute to biofilm fluorescence with green/yellow hues (Light 
and Autofluorescence, Multitasking Features in Living Organisms). For example, 
riboflavin (vitamin B₂) and flavoproteins in cells will glow green under UV-A, 
enhancing the overall fluorescent signal.​
 

●​ Porphyrins: Porphyrin molecules are intermediates in heme biosynthesis that 
many bacteria naturally produce as metabolic byproducts. Porphyrins absorb 
strongly around 400–405 nm (the Soret band) and emit red fluorescence 
(~600–700 nm) (Light and Autofluorescence, Multitasking Features in Living 
Organisms). Under 365 nm excitation, some porphyrins can still be excited (albeit 
weakly), yielding a dull red glow in certain biofilms. In dental plaque biofilms, for 
instance, endogenous porphyrins from oral bacteria cause a red fluorescence 
that has been exploited for caries detection ( Autofluorescence Detection 
Method for Dental Plaque Bacteria Detection and Classification: Example of 
Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, and 
Streptococcus mutans - PMC ). Many Gram-positive bacteria (e.g. 
Staphylococcus aureus) accumulate porphyrins that fluoresce red under 
violet/UV light ( Detection of bacterial fluorescence from in vivo wound biofilms 
using a point‐of‐care fluorescence imaging device - PMC ) ( Detection of 
bacterial fluorescence from in vivo wound biofilms using a point‐of‐care 
fluorescence imaging device - PMC ). Thus, if a biofilm has bacteria producing 
porphyrins, a UV-A inspection may reveal faint red patches indicating those 
microbial colonies.​
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●​ Pyoverdine and Other Pigments: Some bacteria generate unique fluorescent 

pigments. A prime example is pyoverdine, a fluorescent siderophore produced by 
Pseudomonas species. Pyoverdine has an excitation range ~360–410 nm and 
emits a distinctive greenish-cyan light (~450–480 nm) (Light and 
Autofluorescence, Multitasking Features in Living Organisms). This pigment is so 
fluorescent that Pseudomonas biofilms often glow bright green under UV-A. In 
fact, fluorescence in wounds imaged under 405 nm has been attributed to 
bacterial porphyrins and pyoverdine: most bacteria show red porphyrin 
fluorescence, while Pseudomonas uniquely shows a cyan/green signal from 
pyoverdine ( Detection of bacterial fluorescence from in vivo wound biofilms 
using a point‐of‐care fluorescence imaging device - PMC ). Other compounds 
can contribute as well (e.g. lipofuscins or phenolic metabolites in certain 
biofilms), but NADH, flavins, aromatic amino acids, and pigments like porphyrin or 
pyoverdine are the primary sources of autofluorescence (Light and 
Autofluorescence, Multitasking Features in Living Organisms).​
 

In summary, when a biofilm is illuminated with 365 nm UV-A light, these intrinsic 
fluorophores absorb the UV energy and re-emit visible light. The combined emission 
from NAD(P)H (blue) and flavins (green) often yields a bluish-white glow on 
contaminated surfaces (Light and Autofluorescence, Multitasking Features in Living 
Organisms) (Light and Autofluorescence, Multitasking Features in Living Organisms). If 
certain bacteria are present, you may also see green-cyan patches (from 
Pseudomonas or other pigment producers) or faint red spots (from 
porphyrin-producing microbes). The intensity of autofluorescence generally increases 
with the density of biological material, which is why areas with heavy biofilm growth 
shine brighter under UV. This biochemical property provides a basis for label-free 
detection of biofilms. 

UV-A Fluorescence for Biofilm Detection in Food 
Processing 

In food production plants, surfaces may appear clean to the naked eye after routine 
sanitation, yet harbor invisible biofilms. UV-A lighting (365 nm) has become a practical 
tool to uncover these hidden contaminants, because residual biofilms will fluoresce and 
contrast against the dark background. This enables fast, non-destructive inspection of 
equipment and environments for hygiene verification ([EMNE]) ([EMNE]). 

(Bacteria and Biofilm Detection Lamp LP-365L) Bacteria and biofilm residues on a food 
container fluorescing under a 365 nm UV lamp. The bluish and yellow-green glows 
indicate organic residues and microbial deposits made visible by autofluorescence. 
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Handheld UV Inspection Lamps 

Food industry quality teams increasingly use handheld UV-A “black light” lamps to 
scan equipment, floors, walls, and drains for signs of biofilm. These portable lamps take 
advantage of the biofilm’s autofluorescence: any area with accumulated microbes or 
organic soil will light up as blue, white, or green fluorescence under the UV lamp 
([EMNE]). Clean stainless steel or plastic, in contrast, remains dark. This method is a 
quick preliminary check to target spots that need recleaning or further testing. 

Modern UV inspection lamps are specifically marketed for biofilm detection. For 
example, the “BioFilm UV Lamp” (Crimson Chemicals Inc.) and the “BactiScan™” 
device (EIT International) are designed for food and pharmaceutical facilities. These use 
UV-A technology to instantly highlight invisible contaminants (bacteria, biofilms, mold, 
food residues) on surfaces (BioFilm UV Lamp | Crimson Chemicals) (BioFilm UV Lamp | 
Crimson Chemicals). The manufacturer of BactiScan notes that bacterial clusters and 
established biofilms show up as green or turquoise spots, whereas food residue or 
dust fluoresces blue ([EMNE]). This color difference is because microbial films 
(especially with Pseudomonas or certain bacteria) emit greenish light, while protein-rich 
residues (e.g. milk or meat juices containing tryptophan and riboflavin) often emit 
blue-white light ([EMNE]) ([EMNE]). In practice, an operator can darken the area, shine 
the UV lamp over surfaces (conveyor belts, tank walls, etc.), and visually catch any 
fluorescent glow indicating a contamination hotspot. 

These devices are often used alongside ATP swab tests. A UV lamp can scan large areas 
rapidly and pinpoint spots that should be swabbed for ATP or microbial assays (BioFilm 
UV Lamp | Crimson Chemicals) (Bacteria and Biofilm Detection Lamp LP-365L). This 
improves the efficiency of hygiene monitoring by ensuring tests aren’t done on 
completely clean areas. Notably, advanced lamps like BactiScan™ use multiple UV 
frequencies rather than a single wavelength, which “excites” a broader range of biofilm 
fluorophores. This multi-frequency UV approach causes biofilms to glow more distinctly 
and reduces false negatives compared to standard single-wavelength lamps (Bactiscans 
Precision Biofilm Detection). In an industry report, a BactiScan lamp successfully 
visualized biofilms grown from meat residue inoculated with spoilage bacteria 
(Pseudomonas fluorescens and Brochothrix) – after 11 days of incubation, the biofilms on 
equipment surfaces fluoresced under UV, revealing contamination that was otherwise 
invisible until the lamp was used ([EMNE]) ([EMNE]). Inspectors could see glowing 
smears and spots (which corresponded to areas of high microbial load), guiding them to 
reclean those surfaces. This real-world use demonstrates how UV-A fluorescence 
translates into improved sanitation control. 

Examples of UV Fluorescence Detection Systems 
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Beyond simple lamps, more sophisticated fluorescence imaging systems are being 
developed for detecting biofilms in food processing: 

●​ Fluorescence Imaging and Cameras: Researchers have built camera-based 
systems that capture the faint fluorescent light from biofilms and enhance 
detection. For instance, hyperspectral fluorescence imaging has been tested 
to automatically find biofilms on common food-contact materials. Lee et al. 
(2021) cultured E. coli and Salmonella biofilms on stainless steel and plastic, then 
illuminated them with 365 nm UV-A and captured the emitted light from 
420–730 nm using a specialized camera (Detecting Bacterial Biofilms Using 
Fluorescence Hyperspectral Imaging and Various Discriminant Analyses) 
(Detecting Bacterial Biofilms Using Fluorescence Hyperspectral Imaging and 
Various Discriminant Analyses). Using machine learning on the fluorescence 
spectra, they could accurately classify which surfaces had biofilm contamination. 
Impressively, this UV hyperspectral method detected bacterial levels as low as 
~10–10² CFU/cm² with over 90% sensitivity and specificity (Detecting Bacterial 
Biofilms Using Fluorescence Hyperspectral Imaging and Various Discriminant 
Analyses). In other words, even early-stage biofilms (just 10–100 bacteria per 
cm²) were distinguishable by their weak but characteristic autofluorescence. 
Such imaging systems can survey equipment surfaces rapidly and objectively, 
flagging contaminated areas for intervention. Figure 5 of that study showed clear 
fluorescent spectra differences between clean and biofilm-fouled coupons, 
confirming that UV-A excited autofluorescence provides a reliable fingerprint 
for biofilm presence (Detecting Bacterial Biofilms Using Fluorescence 
Hyperspectral Imaging and Various Discriminant Analyses) (Detecting Bacterial 
Biofilms Using Fluorescence Hyperspectral Imaging and Various Discriminant 
Analyses). While still mostly in the research stage, fluorescence imaging 
technology is advancing toward real-time online monitoring of biofilms in 
processing plants (Microbial biofilm detection on food contact surfaces by 
macro-scale fluorescence imaging | Request PDF) (Microbial biofilm detection on 
food contact surfaces by macro-scale fluorescence imaging | Request PDF).​
 

●​ MolecuLight and Similar Devices: In the medical field, the MolecuLight i:X is a 
handheld fluorescence imager used to visualize bacteria in wounds. It shines a 
violet light (~405 nm, near UV-A) and causes bacteria to fluoresce – most 
species emit a red color due to endogenous porphyrins, while Pseudomonas 
appears cyan ( Detection of bacterial fluorescence from in vivo wound biofilms 
using a point‐of‐care fluorescence imaging device - PMC ) ( Detection of 
bacterial fluorescence from in vivo wound biofilms using a point‐of‐care 
fluorescence imaging device - PMC ). This allows clinicians to spot bacterial 
biofilm in a wound bed in real time. Although MolecuLight is for healthcare, the 
same principle applies to food facilities: UV-induced autofluorescence revealing 
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bacterial hotspots. The success of MolecuLight (with >95% positive predictive 
value for detecting high bioburden in clinical studies ( Detection of bacterial 
fluorescence from in vivo wound biofilms using a point‐of‐care fluorescence 
imaging device - PMC )) underscores that autofluorescence can indicate 
substantial bacterial loads without any dyes. In food plants, one could imagine a 
similar camera that highlights red or green fluorescing regions on machinery to 
direct cleaning crews. In fact, companies are adapting such technology – the 
above-mentioned BactiScan Pro integrates a digital camera and multi-UV light 
source to record fluorescent contamination images for documentation and 
training purposes (Bactiscans Precision Biofilm Detection). This gives food safety 
managers visual proof of biofilms and helps evaluate cleaning effectiveness over 
time.​
 

●​ Combined Detection–Disinfection Tools: A novel approach is to not only detect 
but also destroy biofilms with light. Researchers at USDA and University of North 
Dakota developed a prototype “CSI-D” (contamination sanitization 
inspection-disinfection) system ( Handheld Multispectral Fluorescence Imaging 
System to Detect and Disinfect Surface Contamination - PMC ). This handheld 
device first uses UV-induced fluorescence imaging to detect organic residues 
and biofilms on surfaces, then switches to a germicidal UVC beam (around 275 
nm) to disinfect the spot ( Handheld Multispectral Fluorescence Imaging System 
to Detect and Disinfect Surface Contamination - PMC ) ( Handheld Multispectral 
Fluorescence Imaging System to Detect and Disinfect Surface Contamination - 
PMC ). It essentially finds biofilm via autofluorescence and immediately zaps it 
with UVC to reduce the microbial load, all while documenting the process. While 
this is experimental, it points to future industrial tools that could continuously 
scan equipment, flag dirty areas, and even sanitize them on the fly. For now, most 
plants rely on detection only – cleaning is done manually – but integrating 
fluorescence detection with targeted UV disinfection could greatly enhance 
biofilm control.​
 

Real-World Application in Food Plants 

UV-A fluorescence inspection has already been adopted in various food sectors as a 
proactive hygiene measure. Dairy industry cleaners use UV lamps to check for residual 
milk or biofilm on tanks and pipes (since dairy residues rich in riboflavin show bright 
fluorescence). In meat processing, companies trialed devices like BactiScan to find 
biofilms formed by spoilage bacteria in hard-to-see crevices ([EMNE]) ([EMNE]). By 
catching these early, they prevented prolonged harborage of Listeria or Salmonella in the 
plant. An important note from field use is that UV inspection should be done in darkness 

https://pmc.ncbi.nlm.nih.gov/articles/PMC8450799/#:~:text=17%2C%2018%20Multisite%20clinical%20trials,4%7D%C2%A0CFU%2Fg.15%2C%2017%2C%2027
https://pmc.ncbi.nlm.nih.gov/articles/PMC8450799/#:~:text=17%2C%2018%20Multisite%20clinical%20trials,4%7D%C2%A0CFU%2Fg.15%2C%2017%2C%2027
https://pmc.ncbi.nlm.nih.gov/articles/PMC8450799/#:~:text=17%2C%2018%20Multisite%20clinical%20trials,4%7D%C2%A0CFU%2Fg.15%2C%2017%2C%2027
https://www.rapidmicrobiology.com/news/uncover-the-invisible-threat-bactiscan-s-precision-biofilm-detection#:~:text=Q%3A%20Which%20sectors%20are%20finding,cleaning%20products%2C%20ensuring%20their%20effectiveness
https://pmc.ncbi.nlm.nih.gov/articles/PMC8588002/#:~:text=handheld%20fluorescence,UVC%29%20at%20275%20nm
https://pmc.ncbi.nlm.nih.gov/articles/PMC8588002/#:~:text=handheld%20fluorescence,UVC%29%20at%20275%20nm
https://pmc.ncbi.nlm.nih.gov/articles/PMC8588002/#:~:text=handheld%20fluorescence,UVC%29%20at%20275%20nm
https://pmc.ncbi.nlm.nih.gov/articles/PMC8588002/#:~:text=handheld%20fluorescence,UVC%29%20at%20275%20nm
https://pmc.ncbi.nlm.nih.gov/articles/PMC8588002/#:~:text=using%20fluorescence%20imaging%2C%20the%20disinfection,Specific%20technical%20innovations%20include%20the
https://pmc.ncbi.nlm.nih.gov/articles/PMC8588002/#:~:text=using%20fluorescence%20imaging%2C%20the%20disinfection,Specific%20technical%20innovations%20include%20the
https://pmc.ncbi.nlm.nih.gov/articles/PMC8588002/#:~:text=using%20fluorescence%20imaging%2C%20the%20disinfection,Specific%20technical%20innovations%20include%20the
https://www.teknologisk.dk/_/media/87849_Report%20-%20Ultraviolet%20light%20inspection%20with%20Bactiscan.pdf#:~:text=Figure%201,equipment%20or%20surfaces%20can%20be
https://www.teknologisk.dk/_/media/87849_Report%20-%20Ultraviolet%20light%20inspection%20with%20Bactiscan.pdf#:~:text=visualized%20using%20the%20device,should%20be%20evident%20as%20blue


 
or with yellow goggles to filter the UV, so that even faint fluorescing films become visible 
to the inspector (Bacteria and Biofilm Detection Lamp LP-365L) (Bacteria and Biofilm 
Detection Lamp LP-365L). Safety is also addressed – UV-A at 365 nm is relatively safe 
for skin/eyes with brief exposure, but operators typically wear eye protection and avoid 
direct skin exposure as a precaution. 

It’s also noted that UV reveals any organic matter, not just bacteria. So a fluorescent 
spot might be a biofilm, or it could be a food spill or detergent residue. In practice, 
operators learn to distinguish them by color and context: a diffuse blue-white sheen 
could be protein residue, whereas a speckled green spot might indicate bacterial 
colonies ([EMNE]). If in doubt, that area can be swabbed for ATP or microbial testing. The 
combination of UV visualization and confirmatory tests gives a robust verification. 
According to a Danish Technological Institute evaluation of BactiScan, areas that 
fluoresced green under UV corresponded to high microbial counts in swabs, confirming 
they were biofilms, whereas purely blue fluorescing areas were often just food soils with 
lower bacterial counts ([EMNE]) ([EMNE]). This demonstrates that fluorescence 
inspection correlates with contamination and can guide more efficient cleaning. 

In summary, UV-A fluorescence detection has become a valuable tool in food safety 
programs. Biochemicals like NADH and flavins in biofilms make them glow under 365 nm 
light, providing a built-in signal that we can exploit. Food processors use this property in 
several ways – from simple blacklight checks of equipment after cleaning, to 
sophisticated camera systems for automated monitoring. The ability to “see” biofilms in 
real time helps ensure that these invisible threats are not missed. By identifying biofilm 
hotspots early (and distinguishing them from harmless residues), interventions can be 
targeted before product contamination or equipment damage occurs. As technology 
advances (e.g. multispectral UV lamps, imaging algorithms, and possibly integrated UV 
disinfection), fluorescence-based biofilm detection is poised to become even more 
integral in maintaining hygienic food production environments. It is a prime example of 
how understanding microbial biochemistry (autofluorescent molecules) can translate 
into practical solutions for industry. 
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