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Introduction 

Biogenic amines are primarily produced by the decarboxylation of amino acids by bacteria. 
Therefore, they are a good indication of bacterial life1. The overall goal of my project is to 
optimize and modernize a system to detect the presence of bacteria in food. 

Electrogenerated chemiluminescence (ECL) is a common analytical method to detect unknown 
analyte concentrations2. ECL utilizes a luminophore and a coreactant analyte undergoing a 
redox reaction that emits light (shown in figure 1). At relatively high concentrations of 
luminophore, the analyte is the limiting reagent and the intensity of the light emitted by the 
reaction can be used to measure the coreactant concentration. The luminophore used in our 
lab is tris(2,2'-bipryidly)ruthenium (II) (Ru(bpy)32+). 2-(dibutyalamino)ethanol (DBAE) is used in 
place of a biogenic amine due to its well-studied redox reaction mechanism. A small potential 
(1.1 V) is run through the electrode so that Ru(bpy)32+ and DBAE are both oxidized. After being 
oxidized, DBAE forms a free radical and donates an electron to Ru(bpy)33+. Ru(bpy)33+ enters an 
electronically excited state and as *Ru(bpy)32+ relaxes back to its ground state, a photon is 
released3 as shown in Figure 2. The amount of photons released corresponds with the 
concentration of the limiting reagent. 

 

 Figure 2. Oxidation-
reduction mechanism 
of Ru(bpy)32+ and 
DBAE at the surface 
of an electrode, 
emitting light. 
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Figure 1. Long exposure images of the oxidation 
of 5mM Ru(bpy)32+ with increasing 
concentrations of DBAE 



 

ECL detection requires an electrode, a camera, and a light tight case. Lab cameras, such as 
charge coupled devices, are often used to capture ECL, however, mobile phone cameras have 
been shown to be effective3-4. Previous work in our lab has developed a method using stencil 
printed carbon electrodes on thin plastic transparencies. My goal is to use 3D printed parts to 
update and increase the durability of our system. I designed and 3D printed a light-tight case 
(shown in figure 3) for the reaction to be photographed and modernized our electrodes by 
fabricating them on a 3D printed polylactic acid substrate. Red/orange light (≈620 nm) is 
emitted and the average red pixel intensity on the surface of the electrode is analyzed with the 
free software ImageJ. This red pixel intensity increases linearly with an increase in analyte as 
shown in figure 4. The flexibility to use an available camera and the lightweight 3D printed parts 
allow for a compact, portable detection system. 

 

 

 

 

 

 

 

Experimental Plan 

DBAE is the analyte that has been studied in my project so far. The next step is to expand our 
ECL detection system to other analytes. ECL detection with Ru(bpy)32+ is capable of detecting 
many compounds with amines. Various biogenic amines including spermidine, histamine, and 
putrescine will be analyzed. The optimal potentials to oxidize each metabolite will be 
determined by conducting multiple oxidation trials at differing potentials. I will then investigate 
the relationship between amine concentration and signal intensity to determine the limit of 
detection for each analyte with our detection system. My project also seeks to use batteries 
and a laptop to provide the potential to reduce the need for laboratory electrochemical 
workstations. 

Conclusion 

My project will get one step closer to testing real world samples by analyzing spermidine, 
histamine, and putrescine. My system that has been optimized with the model reaction of 
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Figure 3. Light-tight case for 
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Figure 4. Red light intensity Vs. concentration of 
DBAE in 5 mM Ru(bpy)32+ at a potential of 1.1 V. 



Ru(bpy) and DBAE will use ECL to detect the concentrations of these amines. I will also 
investigate the use a battery pack and a laptop to supply the potential for the ECL.  
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I plan on attending graduate school working towards a PhD in analytical chemistry. 
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