
Secondary Structure of Hair Protein Studied by Non-Negative Matrix Factorization and 

Raman Imaging 

Tohoku University1, Research & Development Department, Milbon2,  

○(M1) Yu Hua1, Akunna Francess Ujuagu1, Kazuyuki Suzuta2, Len Ito2, and Shin-ichi Morita1 

E-mail: shinichi.morita.c6@tohoku.ac.jp 

 

During perm treatments, the chemical reagents and the heating can cause damages to the hair. Raman 

spectroscopy and Raman imaging technique have been frequently applied to study changes in properties of 

hair. 1) The Amide vibrational modes distinguish secondary structures of protein by the different peak 

positions. But the problem is that the components corresponding to different secondary structures are 

largely overlapped with one another. To solve this problem, non-negative matrix factorization (NMF) is 

applied.2) NMF is also called multivariate curve resolution (MCR) or self-modeling curve resolution 

(SMCR). 

In this research, we applied Raman imaging and NMF into the cross sections of strands of gray human 

hair, about (i) the untreated hair (UN), (ii) the curly perm hair (PE) and (iii) the straight perm hair (ST), for 

revealing the microscopic mechanism of damages of hair through the perm treatments. NMF was applied 

into the amide I region of protein, giving reasonable decompositions into the components corresponding to 

different secondary structures of protein and the scaling factors (that is, images). NMF suggested that the 

amount of α-helix species increased after the ST treatment.  

 

 

Figure. (a) Visible images of the cross sections of the gray human hair fixed on the quartz substrates. (b) 

Decomposed spectra , , and  (at the left side) and NMF images of ST, UN1, UN2, and PE 

constructed by the corresponding scaling factors, , , and  (at the right side). 
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