
The Effects of Ultraviolet 
Light and Hydrogen 

Peroxide on the 
Allergenicity of Peanut 

Proteins 



Motivation 

•  I wanted to study food allergies due to my own 
food allergies. 

•  Even when there is apparently no peanut 
residue on a surface or a surface has been 
wiped off, studies have shown that a residue 
can remain for several hours. 

•  Even a thin residue can trigger a life-threatening 
allergic reaction, such as anaphylaxis. 

•  I wanted to determine the most effective 
cleaning method to prevent dangerous 
reactions to microscopic residues. 



Questions Addressed 
•  Will ultraviolet light alone cause a peanut extract 

sample to lose its allergenic properties? 
•  Will hydrogen peroxide alone cause a peanut extract 

sample to lose its allergenic properties? 
•  Will UV light and hydrogen peroxide in combination 

cause a peanut extract sample to lose its allergenic 
properties? 

•  Can UV light and hydrogen peroxide be used as 
acceptable cleaning methods that cause an 
allergenic residue to lose it allergenicity and no 
longer pose a threat of a dangerous allergic 
reactions? 



Background on Peanuts 

•  Peanut proteins are relatively resistant to 
denaturation compared to other proteins due to the 
structure of the protein. 

•  The quaternary structure protects and encloses IgE-
binding epitopes (the part of the protein that binds to 
a receptor to trigger an allergic reactions). 

•  This causes peanuts to remain intact and allergenic 
through the digestive system (exposure to proteases), 
food preparation (heating), and cleaning methods 
causing potentially harmful effects. 



Experimental Procedure 
•  Pipette 100 µL of  a stock solution of peanut extract 

and buffer onto a microscope slide and let dry.  
•  Expose the microscope slide to hydrogen peroxide, 

ultraviolet light, or both for varying amounts of time. 
•  Extract the microscope slide and residue in a buffer. 
•  Pipet 100 µL of the buffer solution into a well of the 

microtiter ELISA plate. 
•  Apply appropriate reagents and wash solutions into 

the well. Observe color change to pale yellow. 
•  Find absorbance of the solution in the well at 450nm 

using my plate reader to determine the ppm of 
peanut protein in the original sample. 



Dual Wavelength ELISA Plate Reader 

•  Last year I constructed a low cost, manual 
version of a dual wavelength ELISA plate 
reader to measure the optical density of the 
contents of each well of a micro plate. 

•  My plate reader can achieve a level of 
sensitivity that can detect the optical density 
for 1 ppm and above. 

•  This year I used my plate reader to quantify 
the results of the ELISA test. 
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Plate Reader Photograph 



How ELISA Kits Work 
1.  An antibody is bound to the 

bottom of each well. 

2.  The solution, for which the 
presence of peanut proteins is to 
be tested, is pipetted into a well. 

3.  If the protein is present, the 
protein binds to the antibodies 
on the bottom of the well. 

4.  The well is washed, but the 
protein remains bound to the 
antibody. 

5.  The enzyme-conjugated 
antibody solution is pipetted 
into the well. The antibodies in 
the peanut conjugate will bind 
to the peanut protein. 

6.  The well is washed again, but 
the conjugate antibody remains 
bound to the protein, bound to 
the antibody on the bottom of 
the well. 

7.  The substrate solution is 
pipetted into the well. The 
substrate will react with the 
enzyme. 

8.  The stop solution is pipetted 
into the well. The color will 
change yellow if peanut 
proteins were present in the 
original solution. 



ELISA Kit Results Photograph 



Example Absorbance Spectrum 
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Effects of UV Light Alone on Peanut 
Extract Samples 

•  A study* showed that Pulsed UV Light with an 
output of 55 J/min·cm2 decreasing the 
allergenicity of peanut extract and peanut 
butter. 

•  In my project 256 nm UV light with an output of 
0.7 J/min·cm2 decreased the concentration of 
peanut proteins in samples from 22 ppm to 3 
ppm after 5 min, A decrease of about 87%. 

•  Compared to previous studies, my UV light 
treatment is approximately 400 times as 
efficient at reducing the allergenicity. 

*Chung, S. Y., W. Yang, and K. Krishnamurthy. “Effects of Pulsed UV-Light on Peanut Allergens in Extracts and Liquid 
Peanut Butter.” Journal of Food Science 73.5 (2008): 400-04. Print. 



Effects of Hydrogen Peroxide Alone 
on Peanut Extract Samples 

•  Hydrogen Peroxide creates free radicals or 
hydroxyl radicals (•OH), which are highly 
reactive because they have a lone electron. 

•  They react with many molecules including 
proteins causing destruction and cleavage of 
the protein. 

•  My results show that 3% hydrogen peroxide 
reduced the concentration of peanut proteins in 
samples from 22 ppm to 4 ppm, a decrease of 
about 85%. 



Hydrogen Peroxide and UV Light in 
Combination 

•  Photolysis of Hydrogen Peroxide augments the 
process of formation of free radicals, which 
increases the degradation of the protein. 

•  In combination, UV light and hydrogen peroxide 
reduced the concentration of peanut proteins in 
samples from 22 ppm to under 1 ppm after 5 
min. 

•  Therefore, the combination effectively reduces 
the allergenicity of peanut extract samples to 
be almost negligible. 



Future Applications 

•  UV light and hydrogen peroxide can be used as 
effective cleaning methods to denature peanut 
residues on surfaces. 

•  More research can be done to determine if 
similar treatments also effectively reduce the 
allergenicity of other common food allergies 
samples, such as tree nut. 

•  My project can be continued to make the 
treatments even faster, more efficient, and 
practical for daily life. 


