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Optical properties and color analysis of various pearl shells
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Optical properties and color analysis of nacreous layers were performed using various pearl shells. The cross 
section and microstructure of the surface in each nacreous layers were observed through a SEM (Scanning 
Electron Microscope), and the diffraction pattern on SEM images was analyzed using FFT (Fast Fourier 
Transform). Through these analysises, it was verified that the color and optical characteristics are closely related 
to the structure of nacreous layers. Incident angle-dependent reflection spectrum was used to examine the 
phenomena of color differenceas the direction of observation. Quantified values on the color change were 
obtained by CIE L*a*b* color scale. Using this research, database for the characteristics of natural pearl shells can 
be established, and the precise analytic method for observation of pearl shells was suggested.
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Fig 1. Various mother-of-pearls; (a) Haliotis discus hannai, 
(b) Pinctada fucata, (c) Pinctada margaritifera, (d) 
Pinctada maxima, (e) Pteria penguin, (f) Hyriopsos 
cumingii
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Fig 2. Schematic of incident angle-dependent detection. 

Fig 3. SEM images and FFT results of the cross-section of 
Haliotis discus hannai and Pinctada fucata (a) SEM 
image for the cross-section of Haliotis discus hannai, (b) 
FFT results for the cross-section of Haliotis discus 
hannai, (c) SEM image for the cross-section of Pinctada 
fucata, (d) FFT results for the cross-section of Pinctada 
fucata. 
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Fig 4.  SEM images of the surface of Haliotis discus hannai
and Pinctada fucata (a) SEM image for the surface of 
Haliotis discus hannai, (b) SEM image for the surface of 
Pinctada fucata.

Mother of pearl Degree
CIE L*a*b* color

L*(D65) a*(D65) b*(D65)

H. discus hannai
25 Degree 91.18 16.89 0.4
45 Degree 62.88 5.54 3.34
75 Degree 46.64 2.67 4.83

P. fucata
25 Degree 95.94 -0.94 -0.98
45 Degree 61.53 0.02 1.72
75 Degree 52.95 -1.22 1.07

P. margaritifera
25 Degree 96.40 -0.81 0.87
45 Degree 68.45 -0.85 -0.67
75 Degree 55.57 -1.13 1.38

P. maxima
25 Degree 98.38 -1.02 -2.07
45 Degree 70.88 -0.98 -0.75
75 Degree 62.11 -1.91 -1.38

P. penguin
25 Degree 100.00 -11.86 3.68
45 Degree 64.33 1.08 3.12
75 Degree 51.32 -0.96 -1.77

H. cumingii
25 Degree 91.84 -0.52 6.22
45 Degree 88.89 -0.95 5.39
75 Degree 88.09 -1.41 5.07

Table. 1 CIE L*a*b* color scale for surface of various mother-of-pearls 
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Fig 5. Reflectivity for various incident angles of light on each mother-of-pearl; (a) absolute value for each angle of Haliotis 
discus hannai, (b) relative value for each angle of Haliotis discus hannai, (c) absolute value for each angle of Pinctada 
fucata, (d) relative value for each angle of Pinctada fucata, (e) absolute value for each angle of Pinctada margaritifera, (f) 
relative value for each angle of Pinctada margaritifera, (g) absolute value for each angle of Pinctada maxima, (h) relative 
value for each angle of Pinctada maxima, (i) absolute value for each angle of Pteria penguin, (j) relative value for each 
angle of Pteria penguin, (k) absolute value for each angle of Hyriopsos cumingii, (l) relative value for each angle of 
Hyriopsos cumingii.
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