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The flow chart of sample preparation
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Fig. 2 Hyperspectral imaging system
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Fig. 3 Raw (a) and average spectra (b) of chilled and frozen-

thawed salmon samples
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Table 1 Identification results of chilled and frozen-thawed salmon based on full spectrum variables

Ak 2 BPANN 5%/ % LDA 515/ % ELM #5102/ % RF 515/ %
RS HIE 4 i 4 HIE 4 it 4 HE 4 it 4 e IE £ i 4R
Raw 93.33 91.6794. 17 86. 67 94. 17 90. 00 92. 50 86. 67
1st Der 91.67 86. 67 95. 00 91.67 93.33 88.33 89. 17 81.67
2nd Der 88. 33 85. 00 90. 83 86. 67 95. 00 90. 00 91. 67 83.33
MSC 93. 33 90. 00 95. 83 88. 33 96. 67 93.33 93.33 90. 00
SNVT 95. 00 91. 67 92.50 90. 00 94. 17 91. 67 94. 17 91. 67
N 93. 33 91. 67 91. 67 86. 67 93.33 88. 33 92.50 88. 33
MC 95. 00 93. 33 93. 33 91. 67 91. 67 86.67 88.33 85. 00
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Fig. 4 Wavelength selection results of CARS
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Fig. 5 Wavelength selection results of SPA
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(a): Characteristic wavelength screening;

(b): Selected characteristic wavelength

F2 ETEKFEEEREEINENEBER

Table 2 Identification model results based on
spectrum after wavelength screening
RRUEYS
BRGSO ORI
KRR WL R
BPANN 100. 00 91.67
LDA 93.33 90. 00
CARS
ELM 100. 00 95. 00
RF 95. 83 93. 33
BPANN 86. 67 83.33
LDA 88.33 78.33
SPA
ELM 87.50 85. 00
RF 84. 17 80. 00
BPANN 94. 17 90. 00
LDA 91. 67 86. 67
CARS+SPA
ELM 94. 17 85. 00
RF 91.67 88.33
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Fig. 6 The first three principal component images (PC1, PC2, PC3 in turn from left to right)
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Table 3  Identification results of chilled and frozen-thawed
salmon based on spectral and texture information
g _— ﬁ’ﬂiﬁi‘:ﬂ%/‘%‘ ,
R IE 4 i AR
BPANN 81. 67 71.67
\ LDA 77.50 75. 00
aH ELM 83.33 78.33
RF 81. 67 76. 67
BPANN 95. 83 90. 00
S+ e LDA 94. 17 88. 33
ELM 96. 67 91. 67
RF 91. 67 88. 33

2.3 ETHERERMEEREENKESAM=XaES

HR

ATH 2. 1.3 1 CARS Ji gk 9 60 MOGIEE S 2.2 P iR
R A ity SRR A (0 — AL 5 BEAT A . PRI T T+ 4L
FRAE S PR oK A VR T = SO 3 I RCR R A B A S 2 A Y
AL R AT SC. AR FR 3. AR RY], T OE
SRR U BOREL 22 R T3+ S0 A S A DY o A
X I 5 R R = S £ ) O RO e B BT BT AR
Horp 3 F T+ 20 B ELM SRR ok fif 5 7R b = SC
W B0 d A, R IE S R T AR B R B R s B T
96. 67 % F1 91. 67%

R T OLIE . SO LR+ SR B B0 R B M 5 2
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pI i DUR TR A i et ik O PR EX EF SN RC R i P
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Table 4 Identification results of frozen-thawed times of salmon

based on spectral and texture information

.- - BRI %
K IE4E AR

BPANN 93.33 88. 33

e LDA 89.17 86. 67
: ELM 97.50 91. 67
RF 93.33 85. 00

BPANN 71.67 63. 33

LDA 69. 17 65. 00

. ELM 75.83 66. 67
RF 77.50 71.67

BPANN 88.33 83.33

S+ 4w LDA 81.67 76.67
ELM 94. 17 90. 00

RF 85. 83 81. 67

Hi e 4 BT RUA . 0 =30 R R SO B80CR B 4 1Y 2
HE TS5 B A ELM BURL, A OE 4 A0 s 4 U 5 2y



%11 4

il 2 563 i 3535

B 97.50% 1 91. 67 % 5 I T EHRAF B A ah A 15 B 1 45 7
AR e 2, AT RE S R TR RO A Uk 0 = S £ ] 1) B0 R
fiE 22 AT, IR R SR R BAR . 28 1, ORI ER
@7 CARS-ELM 46 8 % = 3¢ A 7 Fil U< 50 ) 48 1) 2 R %
s SEIL T T R 6 AR I = S R BB S

ST T RIS BT R TR E R FRER
FOLHE + R @A B MU R RCR R B, 5 Tl
F B @1 CARS-ELM BB X vk & 55 7R il = 3¢ P31 B0CR
Rl HOR IE 4 R S0 42 i 3R 50 3R 43 B0 S 100,009 Fl
95.00%6 . BuAbh. 3 F 5 e 3% A R ek = 3C fA Y R Rk B

77 %50, JETI6hE(E B s CARS-ELM £ 7 % = 3¢ A %
Tl R B0 0 At R A A A I A R T A 1 1R R 4 1R
97. 505 1 91. 67 % . 45 5L WIFFH = 615 B e F 47 1 92
PR UK B 55 R T = S e T HG R O R e

34
FIFE v G 1 AR B R 45 G b 2 v i 2 T vk vk B R
References

[ 1] Sivertsen A H, Kimiya T, Heia K. Journal of Food Engineering, 2011, 103(3); 317.

[ 2] Khojastehnazhand M, Khoshtaghaza M H, Mojaradi B, et al. Food Research International, 2014, 56 25.

[ 3] ChengJ, Sun D, Liu G, et al. Food Chemistry, 2019, 270; 181.

[4] Al S, Zhang W, Rajput N, et al. Food Chemistry, 2015, 173 808.

[5] LiS, Luo H, Hu M, et al. Artificial Intelligence in Agriculture, 2019, 2. 85.

[ 6] GuoZ, Wang M, Agyekum A A, et al. Journal of Food Engineering, 2020, 279: 109955.

[ 7] Tian X, LiJ, Yi S, et al. Artificial Intelligence in Agriculture, 2020, 4, 48.

[ 8] CHEN Ying. DI Yuan-jian, TANG Xin-liang, et al(f i, Bz, .5, %), Spectroscopy and Spectral Analysis(G%i 2% 5 561% 43
). 2019, 39(7) . 2176.

[9] SunZ, Liang L, LiJ, et al. Food Science &. Nutrition, 2020, 8(2); 862.

[10] Wang N, Lao K, Zhang X, et al. Biomedical Signal Processing and Control, 2019, 47 393.

[11] Junior J J d M S, Backes A R. Pattern Recognition, 2016, 51; 395.

[12] Biau G, Scornet E. Test, 2016, 25(2): 197.

[13] Pu H, Sun D, Ma J, et al. Meat Science, 2015, 99: 81.

[14] Sanchez-Alonso I, Carmona P, Careche M. Food Chemistry, 2012, 132(1): 160.

[15] QuJ, Cheng J. Sun D, et al. LWT-Food Science and Technology, 2015, 62(1); 202.

Identification of Chilled and Frozen-Thawed Salmon Based on
Hyperspectral Imaging Technology

SUN Zong-bao, LIANG Li-ming, LI Jun-kui, ZOU Xiao-bo* , LIU Xiao-yu, WANG Tian-zhen
School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China

Abstract Salmon is a kind of marine fish with rich nutrition and delicious taste. In recent years, the consumption market of
salmon in China wasin great demand, and the import volume of salmon was increasing. The import methods mainly included
chilled salmon and frozen salmon. Compared with frozen salmon, chilled salmon can retain the excellent quality of salmon to a
greater extent, but at the same time, it cost more and was more expensive. Therefore, some illegal traders sold frozen-thawed
salmon as chilled salmon in order to make more profits. This kind of fraud not only seriously damaged the interests of consumers
but also go against the development of salmon market inChina. In order to establish a fast and non-destructive method to detect
the quality of salmon, this study took the chilled and frozen-thawed salmon as the research object, used hyperspectral imaging
technology to analyze the spectral difference and image texture difference between the chilled and frozen-thawed salmon, and
combined the chemometrics method -to identify the chilled and frozen-thawed salmon quickly. In the process of frozen transporta-
tion, salmon may be frozen and thawed for many times due to the cold chain conditions and other factors. Therefore, in order to
improve the universality of the detection method, salmon with different frozen-thawed times were set as the frozen-thawed group
in this study. Firstly, the hyperspectral image data of the samples were collected by the hyperspectral imaging system. Then,
ENVI 4. 5 software was used to extract the average spectrum of the region of interest in the sample’s hyperspectral image, and
the texture information of the first three principal component images was extracted by using the Grey-level co-occurrence matrix

(GLCM). The original spectrum was firstly pretreated by multiple scattering correction(MSC), then principal component analy-
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sis(PCA), competitive adaptive reweighting algorithm (CARS) , successive projections algorithm (SPA) and CARS-SPA were
used to reduce the dimension and wavelength of the spectrum. Finally, based on spectral information, image information and fu-
sion spectroscopy-image information, the identification model of chilled and frozen-thawed salmon were established by combining
Back-propagation neural network(BPANN), Linear discriminant analysis(LDA), Ultimate learning machine(ELM) and Random
forest(RF). The results showed that the CARS-ELM model combined with the MSC preprocessing spectrum had the best recog-
nition effect on the chilled and frozen-thawed salmon, the recognition rates of the calibration set and prediction set were 100.
00% and 95.00% , respectively. In addition, the CARS-ELM model based on the preprocessing spectrum of MSC had the best
effect on the identification of the times of frozen and thawed of salmon, the recognition rates of the calibration set and prediction
set were 97.50% and 91. 67 % , respectively. And the fast identification of chilled and frozen-thawed salmon based on hyperspec-

tral imaging technology was realized.

Keywords Hyperspectral imaging technology; Chilled and frozen-thawed salmon; Frozen-thawed times; Wavelength screening;

Pattern recognition
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