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Abstract

Melamine has been reported to be responsible for kidney stones and renal failure among infants and children. Con-
ventional detection methods, High-Performance Liquid Chromatography (HPLC) and Gas Chromatography (GC), are
sensitive enough to detect trace amounts of the contaminant, but they are time consuming, expensive, and labor-
intensive. Hyperspectral imaging methods, which combine spectroscopy and imaging, can provide rapid and non-
destructive means to assess the quality and safety of agricultural products. In this study, near-infrared hyperspectral
reflectance imaging combined with partial least square regression analysis was used to predict melamine particle
concentration in dry milk powder. Melamine particles, with concentration levels ranging from 0.02% to 1% by
weight ratio (g/g), were mixed with dry milk powder and used for the experiment. Hyperspectral reflectance images
in the wavelength range from 992.0 nm to 1682.1 nm were acquired for the mixtures. Then PLSR models were
developed with several preprocessing methods. Optimal wavelength bands were selected from 1454.5 nm to 1555.6
nm using beta-coefficients from the PLSR model. The best PLSR result for predicting melamine concentration in
milk powder was obtained using a 1% order derivative pretreatment with R:=0.974, SEP=%0.055%, and F=6.
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Fig. 1. Flowchart of experimental procedure.
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Table 1. The amount and concentration of melamine contained
in milk powder.

Melamine Dry milk(g) + .
concentration(%) melamine(g) Total weight(g)
0.02 9.998 + 0.002 10.000
0.04 9.996 + 0.004 10.000
0.06 9.994 + 0.006 10.000
0.08 9.992 + 0.008 10.000
0.10 9.990 + 0.010 10.000
0.20 9.980 + 0.020 10.000
0.40 9.960 + 0.040 10.000
0.60 9.940 + 0.060 10.000
0.80 9.920 + 0.080 10.000
1.00 9.900 + 0.100 10.000
ZFg flal A7 o] 47mme] Al Zo)7F Tmmsl EekiE ¥

Eg] FA1(09-720-500, Fisher Scientific Inc., New Hampshire,
USA)ZE 27 &ttt HED HAld g7 28 Al g5
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Fig. 2. Schematic of NIR hyperspectral reflectance imaging system for prediction of melamine concentration in milk powder.
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Fig. 3. Procedure of ROIs extraction for test set I-1: (a) raw
hyperspectral image (1454.5nm, 97" band), (b) relative
reflectance image, (c¢) mask image, (d) ROIs of masked relative
reflectance image.
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Fig. 5. All NIR hyperspectral reflectance spectra in ROI of (a) melamine 100%, (b) milk powder 100%, (c¢) melamine 1%, (d)
melamine 0.8%, (¢) melamine 0.6%, (f) melamine 0.4%, (g) melamine 0.2%, (h) melamine 0.1%, (i) melamine 0.08%, (j) melamine
0.06%, (k) melamine 0.04%, (1) melamine 0.02% for test set ITI-1.
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Fig. 6. (a) Average NIR hyperspectral reflectance spectra of melamine 100%, milk powder 100%, melamine 1%, melamine 0.8%,
melamine 0.6%, melamine 0.4%, melamine 0.2%, melamine 0.1%, melamine 0.08%, melamine 0.06%, melamine 0.04%, melamine
0.02% for test set III-1: (b) Enlarged area of average NIR hyperspectral reflectance spectra of 1st order derivative pretreatment
in the wavelength range from 1468.9 nm (100" band) to 1473.8 nm (101" band) for test set III-1.
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Table 2. Performances of calibration and validation for prediction of melamine concentration in milk powder using PLSR model
with various pretreatments in the wavelength range from 992.0 nm (1** band) to 1682.1 nm (144™ band).

Performances of Calibration

Performances of Validation

Pretreatment > -
R& SEC RMSEC R: SEP RMSEP bias RPD F
Non-pretreatment 0.972 0.056 0.056 0.954 0.073 0.072 0.000868 4.63 12
Maximum 0.968 0.060 0.059 0.950 0.076 0.075 0.001474 4.44 11
Nor" Mean 0.968 0.060 0.060 0.949 0.077 0.076 0.000920 4.39 11
Range 0.969 0.059 0.059 0.952 0.075 0.074 0.000930 4.50 11
1** order Derivative 0.970 0.059 0.058 0.956 0.071 0.071 0.000583 4.72 8
2" order Derivative 0.960 0.067 0.067 0.947 0.078 0.078 -0.000229 4.30 6
Baseline 0.970 0.059 0.058 0.950 0.076 0.075 0.000975 4.44 11
MSC? 0.969 0.059 0.059 0.953 0.074 0.074 0.000838 4.55 10
Smoothing 0.973 0.055 0.055 0.955 0.072 0.072 0.000812 4.67 12
SNV¥ 0.971 0.057 0.057 0.955 0.072 0.072 0.001161 4.67 10

YNor : Normalization.
IMSC : Mean Scattering Correction.
9SNV : Standard Normal Variate.
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Fig. 7. Weighted beta coefficients values of PLSR model
developed by using raw hyperspectral reflectance spectra (a)
and 1" order derivatives pretreatment of hyperspectral
reflectance spectra (b) in the wavelength range from 992.0 nm
(1 band) to 1682.1 nm (144™ band).
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Table 3. Performances of calibration and validation for prediction of melamine concentration in milk powder using PLSR model
with various pretreatments in the wavelength range from 1454.5 nm (97" band) to 1555.6 nm (118" band).

Performances of calibration Performances of validation
Pretreatment ]
Ré SEC RMSEC R} SEP RMSEP bias RPD F
Non-pretreatment 0.974 0.054 0.054 0.968 0.061 0.061 0.000173 5.51 6
Maximum 0.977 0.051 0.051 0.968 0.061 0.060 0.000876 5.55 6
Nor" Mean 0.974 0.055 0.054 0.966 0.063 0.063 0.000689 5.34 6
Range 0.978 0.050 0.050 0.970 0.059 0.058 0.000930 5.75 6
1* order Derivative 0.980 0.047 0.047 0.974 0.055 0.055 -0.000178 6.08 6
2" order Derivative 0.978 0.049 0.049 0.968 0.060 0.060 -0.000480 5.57 6
Baseline 0.977 0.052 0.051 0.970 0.059 0.059 0.000686 5.70 6
MSC? 0.979 0.049 0.049 0.972 0.057 0.056 0.000197 5.95 6
Smoothing 0.975 0.053 0.053 0.968 0.061 0.060 0.000192 5.54 6
SNV? 0.978 0.050 0.049 0.972 0.057 0.057 0.000205 5.91 6
YNor : Normalization.
PIMSC : Mean Scattering Correction.
SNV : Standard Normal Variate.
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Fig. 8. Results of calibration and validation model developed by using 1* order derivative pretreatment of hyperspectral reflectance
spectra in the wavelength range from 1454.5 nm (97" band) to 1555.6 nm (118" band).
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