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Abstract Laser—induced breakdown spectroscopy (LIBS) is used to detect chromium content in soybean oil. A series
of soybean oil samples with different chromium concentrations are used, and an AvaSpec two—channel spectrometer
is used to acquire spectra of samples in the wavelength range of 206.28~481.77 nm. According to the LIBS spectra,
several primary characteristic spectral lines of the Cr element are confirmed, then linear regression or least squares
support vector machine (LS—SVM) method is used to develop univariate, bivariate and multivariate calibration models.
Cr content of the samples is predicted by these calibration models. The results indicate that the performance of
bivariate and multivariate calibration models is superior to that of the univariate calibration model, and the
performance of the multivariate calibration model developed by LS—-SVM is the best. The average relative error (RE)
of sample prediction results in univariate and bivariate calibration models is 14.16% and 11.58%, respectively. The
average RE of sample prediction in multivariate calibration models developed by linear regression and LS—-SVM is
10.95% and 4.97%, respectively. According to these results, the LIBS technique has some feasibility to detect Cr content
in soybean oil, and the LS—-SVM method can improve the prediction accuracy of calibration models effectively.
Key words spectroscopy; laser—induced breakdown spectroscopy; soybean oil; chromium content; least squares
support vector machine
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Table 1 Mass ratio of Cr element in three kinds of soybean oil
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Mass ratio of Cr /(pg/g)

No.

JLY WH DDQ
1 52.82 52.89 50.94
2 114.72 101.74 102.66
3 207.92 207.59 201.47
4 409.60 407.94 400.07
5 605.22 600.00 602.54
6 823.80 799.50 798.23
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Table 2 Prediction results of univariate calibration models of Cr element

Average RE of calibration Average RE of prediction
Wavelength /nm Determination coefficient R*
samples /% samples /%
357.87 0.987 14.89 12.72
359.35 0.980 16.08 15.87
360.53 0.984 12.69 12.29
425.435 0.988 22.95 12.94
427.480 0.985 24.76 16.69
428.972 0.992 15.62 14.45
6000 .(a) Crl 351787 nm (b) Cal l422.64 nm
556 ik Cr1359.35 nm 10000 ¥
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Fig.2 LIBS spectra of the sample with Cr mass ratio of 605.22 pg/g. (a) 3565~365 nm; (b) 420~430 nm
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Fig.3 Prediction results of the Cr I 360.53 nm univariate calibration model
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Table 3 Prediction results of bivariate calibration models of Cr element

! Average RE of calibration Average RE of prediction
Wavelength /nm Determination coefficient R*
samples /% samples /%

357.87+359.35 0.991 11.82 12.06

357.87+360.53 0.995 10.35 9.19
357.87+425.435 0.992 11.47 12.74
357.87+427.480 0.990 11.93 12.15
357.87+428.972 0.994 13.80 11.93

359.35+360.53 0.992 13.52 7.42
359.35+425.435 0.989 10.94 11.70
359.35+427.480 0.986 11.55 10.56
359.35+428.972 0.997 8.20 10.50
360.53+425.435 0.992 8.50 12.59
360.53+427.480 0.992 10.77 12.09
360.53+428.972 0.994 12.35 10.26
425.435+427.480 0.988 10.02 13.16
425.435+428.972 0.993 11.22 13.27
427.480+428.972 0.993 10.24 14.03
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Fig.4 Prediction results of the best bivariate calibration model
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Table 4 Prediction results of multivariate calibration models of Cr element

) Average RE of calibration Average RE of prediction
Method Determination coefficient R*
samples /% samples /%
Linear regression 0.997 7.67 10.95
LS-SVM 0.997 6.42 4.97
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Fig.5 Prediction results of the LS—SVM correction model
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