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Rapid and comprehensive evaluation of pork freshness using near

infrared spectroscopy combined with grey correlation analysis

ZHANG Fan, JIANG Xin, ZHANG Cuncun, SUN Jianfeng, WANG Jie,
WANG Wenxiu

( College of Food Science and Technology, Hebei Agricultural University, Baoding 071000, China )
Abstract: To realize rapid comprehensive evaluation of meat freshness, pork samples with storage days of 1-14 d
were selected as experimental samples. Then near infrared spectroscopy combined with grey correlation analysis was
employed to build predictive models for freshness attributes (L*, pH, and total volatile base nitrogen) and evaluate
meat freshness comprehensively. The results indicated that the predictive models built based on spectra after data
fusion, spectral pretreatment, data rearrangement, and feature wavelengths screening yielded good performance with
correlation coefficients in the prediction set of 0.9754, 0.9642, and 0.9677 for L*, pH, and total volatile base nitrogen,
respectively. Combined with the weighted grey correlation analysis, the meat samples were classified into four grades:
good, qualified, poor, and extremely poor. The results in this study provide a new method and technology for rapid
and objective evaluation of meat freshness.
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Fig. 1 Flow chart of grey correlation analysis
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Table 1 Statistical results of freshness parameters of pork

#Z IE4E Calibration set

B3IF4E Prediction set

S8 bR o
= o R EZE brifE2e
Parameter Fe/Mi LSS i Standard /M B Ll Standard
Minimum Maximum Average o Minimum Maximum Average o
deviation deviation
L* 37.47 55.49 47.75 40.99 53.18 48.05 3.55
pH 5.45 6.15 5.71 5.46 6.07 5.71 0.24
TVB-N 5.55 35.56 14.86 7.52 31.71 16.19 6.90
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Fig. 2 Original spectra of experimental samples
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Table 2 The weights of wavelengths in the overlap region for the dual-band spectra

P /nm Wavelength 940.33 946.19 952.05 957.91 963.76 969.61 975.46 981.31
551 B 1 0.857 0.714 0.571 0.429 0.286 0.143 0
55 2 B 0 0.143 0.286 0.429 0.571 0.714 0.857 1
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Table 3 Comparison of modeling results for freshness pararmeters using different pre-treatment methods

20 Parameter AL 715 Pre—treatment methods SEC Rp SEP RPD
IR GiE 0.8816 1.898 2 0.873 2 2.255 8 1.8138
Le SNV 0.9410 1.134 8 0.900 7 1.898 6 2.1550
FD 0.880 0 1.8130 0.772 6 2.3813 1.4450
FD+SNV 0.9419 1.204 3 0.896 4 1.539 3 2.227 6
JR RS 0.799 8 0.132 1 0.742 8 0.1711 1.071 4
SNV 0.970 6 0.0515 0.9317 0.077 1 2.407 3
pH FD 0.809 9 0.092 9 0.773 5 0.185 7 1.054 6
FD+SNV 0.880 8 0.093 2 0.782 8 0.160 3 1.5116
IR GIE 0.936 7 2.6113 0.9170 4.945 2 1.3112
VBN SNV 0.959 8 2.092 4 0.940 2 3.396 8 1.908 9
FD 0.9213 2.901 5 0.9150 3.4328 1.888 9
FD+SNV 0.9755 1.640 0 0.948 1 2.938 9 2.206 4
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Table 4 Modeling results for freshness parameters based on feature spectra

Z¥ Parameter Re SEC Rp SEP RPD
L* 0.9779 0.726 6 0.975 4 1.098 6 3.724 2
pH 0.979 3 0.043 3 0.964 2 0.053 5 3.467 9
TVB-N 0.973 4 1.707 8 0.967 7 2.177 4 29779
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