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Abstract In this study, a rapid nondestructive testing model for the textural quality of freshwater fish using near-
infrared spectroscopy is developed to study the relationship between storage periods and the textural quality of
freshwater fish. Spectral data for the Parabramis pekinensis fish samples were collected using the Antaris [l
Fourier transform near-infrared spectrometer, and the hardness, springiness, and chewiness values of the samples
were measured using the TMS PRO type structure instrument. The S-G smoothing method was used to pretreat the
raw spectra, and competitive adaptive reweighting sampling, stable competitive adaptive reweighted sampling, and
successive projections algorithms were integrated to extract the characteristic wavelength for the first time. Based on
the above three textural indexes, the least partial square regression (PLSR) model was established. Based on the
primary characteristic wavelengths extraction, the SPA algorithm was used to extract the secondary characteristic

wavelengths. Then, the optimal model of hardness, springiness and chewiness of freshwater fish was established
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according to the extracted secondary characteristic wavelengths. The correlation coefficients R. and R, of the
correction and prediction sets are 0.968, 0.947, and 0.927, and 0.964, 0.939, and 0.926, respectively. The root
mean square error of the correction and prediction sets are 0.753, 0.827, and 0.986, and 0.846, 0.897, and

0.964, respectively. The results show that this method is suitable for rapid and nondestructive testing of the

textural quality of freshwater fish in storage and has high accuracy.

Key words spectroscopy; near-infrared spectrum; non-destructive testing; freshwater fish; textural quality;

successive projections algorithm; partial least squares regression
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Table 1 Data statistics of partitioning sample sets by SPXY algorithm
Number of samples Textural index Minimum Maximum Mean= standard deviation

Hardness /N .05 9.50 5.6841.82

Calibration set
Springiness .16 1.35 0.7140.27

(120)

Chewiness /m] .08 4.76 1.25+1.12
Hardness /N .98 9.48 5.7642.57

Prediction set
10 Springiness .21 1.32 0.82+0. 35
Chewiness /m] L11 4.58 1.54=41. 83
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Fig. 3 Raw spectra of samples and spectra after S-G pretreatment. (a) Raw spectra; (b) spectra after S-G pretreatment
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Table 2 Results of PLSR model established by the method of primary characteristic wavelength extraction

Feature band Number of

Calibration set Prediction set

Textural index Factor
extraction method  characteristic wavelength R, RMSEC R, RMSEP
RAW 1557 10 0.782 2.368 0.753 3.543
CARS 73 7 0.954 0. 440 0.947 0.538
Hardness
SCARS 132 10 0.946 0. 657 0.934 0. 875
SPA 30 7 0.863 1.254 0. 837 1.254
RAW 1557 12 0. 827 3.226 0. 804 4.215
CARS 84 9 0.936 1.027 0.927 2.193
Springiness
SCARS 97 7 0.915 1. 345 0. 897 1.547
SPA 35 9 0. 849 2.658 0. 814 3.012
RAW 1557 8 2.658 2.658 0.704 3.214
CARS 65 10 0.905 0.425 0. 897 0. 587
Chewiness
SCARS 74 7 0. 897 0. 483 0.905 1.153
SPA 44 11 1.239 0.756 0.756 1. 547
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Table 3 Secondary characteristic wavelength extracted by CARS and SPA algorithms

Textural index

Wavelength /nm

401.12,433.13,476.46,580. 85,679.97,760. 20,824, 22,873. 21,895. 58,999. 71

Hardness
Springiness 418.48,514.13,586.25,621.73,659. 15,743, 88,812.65,918. 33
Chewiness 430.82,492.91.,602. 06,707. 74,826.15,988. 15
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F 4 FET WRARIE B R AR IO ST 1Y PLSR A 19 25 1

Table 4 Results of PLSR model based on quadratic characteristic wavelength extraction method

Characteristic band Number of Calibration set Prediction set
Textural index
extraction method  characteristic wavelength R, RMSEC R, RMSEP
CARS+ SPA 10 0.968 0.753 0. 964 0. 846
Hardness
SCARS+SPA 13 0.926 0. 857 0.928 0.983
CARS+SPA 8 0.947 0.827 0.939 0. 897
Springiness
SCARS+SPA 9 0.913 0.746 0. 904 1. 689
CARS+SPA 6 0.908 0.659 0.915 0. 875
Chewiness
SCARS+SPA 8 0.927 0.986 0.926 0.964
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