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Research on eggshell via laser-induced breakdown
spectroscopy and neural network
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Abstract: In order to study the classification method of incomplete eggshells and the food safety problems in some egg
products, laser-induced breakdown spectroscopy ( LIBS) and back propagation neural network( BPNN) were combined to explore
the elements of eggshells, to distinguish different types of eggshells, and to detect pollution elements in eggshells, respectively.
The results show that the duck eggshell contains Si, Cu, Ca, Mg, C, Na, Al and other elements. LIBS was applied to measure
and calibrate the element composition in contaminated preserved eggshells, and the obvious lead characteristic peaks were
successfully detected. LIBS and BPNN were combined to quickly distinguish eggshell, duck eggshell, and quail eggshell, and an
accuracy rate of 94. 167% was obtained. The same method was employed to study on duck eggshell and preserved eggshell to
explore the classification of eggshells with different production methods, and an accuracy rate of 97. 5% was obtained. The
combination of LIBS and BPNN provides a new research method for egg classification and distinguishing.
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Fig. 1 Experimental setup
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Fig.2 LIBS spectrum of duck eggshell
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Fig.3 LIBS spectrum of eggshell, duck eggshell, and quail eggshell in the
200nm ~320nm band
a—duck eggshell b—eggshell c¢—quail eggshell
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Table 1 Variance contribution rate of each principal component ( eggshell,

duck eggshell, and quail eggshell )

variance contribution cumulative contribution

PC

rate/ % rate/ %
PC 1 47.2870 47.2870
PC2 34.7557 82.0426
PC 3 8.9822 91. 0247
PC 4 3.3992 94. 4240
PC5 2.5373 96.9613
PC 6 1.5343 98. 4957
pC7 1.0149 99.5105
PC 8 0.3141 99. 8246
PC9 0.1370 99.9616
PC 10 0.0384 100
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Fig.4 Classification results of eggshell, duck eggshell, and quail eggshell
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Fig.5 LIBS spectrum of duck eggshell and preserved eggshell in the 200nm ~
320nm band
a—duck eggshell b—preserved eggshell
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Table 2 Variance contribution rate of each principal component ( duck egg-

shell and preserved eggshell )

variance contribution cumulative contribution

pe rate/ % rate/ %
PC 1 56. 6306 56. 6306
PC2 27. 6369 84.2675
PC 3 8.3445 92.6120
PC 4 2.8380 95. 4501
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Fig. 6 Classification results of duck eggshell and preserved eggshell
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Fig.7 LIBS spectrum of preserved eggshells and leaded preserved eggshells
in several bands
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