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A Rapid Detection Method for Freshness of Frozen Crayfish Based on Near-Infrared Spectroscopy

ZHAN Ke', CHEN Jiwang"***, XU Yan', NI Yangfan®, LIU Yan'**, ZOU Shengbi’
(1. College of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023, China;
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3. National Research & Development Branch Center for Crayfish Processing (Qianjiang), Qianjiang 433100, China;
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Abstract: To establish a model based on near-infrared (NIR) spectra for quickly detecting the freshness of frozen crayfish,
NIR spectra of thawed crayfish (tail, meat, and mince) were collected, and data were pretreated by first derivative, multiple
scattering correction, wavelet transform (WT), or standard normal transform. The original and pretreated spectral data
were correlated to total volatile basic nitrogen (TVB-N) contents using partial least squares (PLS) or convolutional neural
network (CNN), and different quantitative prediction models were established and compared. The best model was selected
to investigate its accuracy and applicability. The results showed that pretreatment methods had a significant influence on
the accuracy of the model, and the CNN model established after spectral preprocessing had a better ability to predict the
TVB-N content of crayfish compared with the PLS model. The CNN model based on the WT pretreated spectra of crayfish
meat had the highest prediction accuracy for the validation set with correlation coefficients of 0.97 and 0.96, and root mean
square errors of 1.26 and 0.93 mg/100 g for the calibration set and validation set, respectively. Moreover, the accuracy,
precision, and sensitivity of the NIR method were within reasonable limits, and it had good figures of merit. According to

the requirements of fast operation, accurate results, and low damage in practice, the WT-CNN-crayfish meat model was
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determined as the optimal model for predicting the TVB-N content in frozen crayfish. These results suggested that the
WT-CNN-crayfish meat model have a great potential for predicting the TVB-N content and rapidly evaluating the freshness
of frozen crayfish.

Keywords: near-infrared spectroscopy; crayfish; total volatile basic nitrogen; rapid detection; convolutional neural network;
wavelet transform
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Fig.3  Schematic diagram of the basic structure of CNN
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Table2  Parameters of the CNN quantitative model for TVB-N

content in crayfish

AJEHE B A R s
FERIEA i W RMSEC/ - RMSEP/ -
(mg/100 g) ¢ (mg/100 g) P
raw 60 2.86 0.69 2.85 0.32
1 60 5.58 0.82 5.55 0.69
L1yeE MSC 60 2.32 0.85 1.82 0.80
WT 60 1.85 0.95 1.72 0.92
SNV 60 1.95 0.90 1.52 0.86
raw 50 2.40 0.79 1.90 0.64
™ 50 4.57 0.93 4.41 0.89
L MSC 50 2.78 0.88 2.69 0.79
WT 50 1.26 0.97 0.93 0.96
SNV 50 1.82 0.90 1.71 0.83
raw 50 2.67 0.80 2.05 0.69
1 50 2.90 0.95 2.67 0.89
W B MSC 50 1.83 0.91 1.33 0.90
WT 50 1.21 0.97 1.04 0.94
SNV 50 1.33 0.96 1.13 0.93
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SNV 10 1.70 0.90 1.95 0.77 X N N S Vo .
SETR/ANTEEN B 10 YA B 56 10E 5 56 9 AR X 2R 22 44 /T
o 3N e SA ; N ; vhr LI v
e R S, X 54RO 1 MEAF IS VB SAT AEL Uk

KA IE SR /N IR RE S s AR S, 38 5 43 A
6 30F SEAG 6 BT R R /A /R BE T VB-N R B 4 78 1) 15100
A& 7). CNNEAVIGIFAEMIRMSEP. r &5 U2 1R,
0N /0 A/ JBE ' i 2 W T 0 Ak 38 S T (1) B AR ) 4R 2
B, TIReRAEARWE T, WTE S B kb #1755 mT
AR B 1 90 B M 7, R B /0l R 9t R AE AH 56 1 5 4
JEME, FEEE M, AT B G B R Wk R R AE, 4R
FICNNRER T A8 11, 5 AbasiZEP15 i 458 5L
3 ANWT-CNNAER A, R 1% 4 WT 1 Ab H 22 7. CNN
A RMSEPR /N, ro#EiL T1, Hr '5r i, %
HIWT-CNN-HFMZTVB-N & 5 A5 4 1) F 000 o4 1 B2 S A g
M, HEALEE, Fik, WT-CNN-#F# 5
fIvERESE 4F, AT Yu Haidong 26"/ 7 ) 70 & 4 f2
A TVB-N& & [PLSHLAY [ 5 Sl 25 0V g 7 (¥ /0 Je if
TVB-N& & A

SNy BEE R b O AR AR (R TR o B R, K 36 IF 4
ANEIFFEMTVB-NTU & &5 2% 5 8L NG,
WIESHT /N, 40 HE 28 A 5 B AR TR &5 S 06 17 fr) B A8 (] 1
2, MSRZ N SEPR LA B, LA [ UE R R 2R
B> A10N0.96810.91, SHAERNHLY=XE5EE R,
R B TVB-NE & B FUAS B & . WT-CNN-#F =
TVB-NE & #8850 UE B2 (AT dn 5 B8 8 T B AR [ JH £
E— A 2 WY AT R R 0 T A R R . BRI, T
ANTRHR AR AT 1% 2 57 W T-CNN-SF{ - TVB-N & & 14 7
RE A% DR IIE R 4P A T 2% SR, BB IE & R A T S B A e o
HEAT PR .

FAKT AR 22 KT 10% W15 I o 170 % T30 41 40 5 1% 3 Ao 1) 42
KA, xR EmRE & — 2. WRIFR, BIX
0 ) 28 %5 45 22 460,77 mg/100 gLA P, MG RN, AH
PR ZEAE R . DRk, R A3 /N A A X R 22 A
K, HNBEELKRE, S RENBALR, bTF
SERT] L2 (KT BRI S, L0 AMGE J7 ik 1) %
AASKS UL Bf P 3

A4 DNJERFITVB-NA L ELIME R AL 55 5 % 4 B I
T SHDRIE (n=3)
Table4  Absolute and relative errors between NIR predicted values and
reference values of TVB-N content in crayfish (n = 3)

N TVB-NFHE/ (mg/l00g)  gaxfiz/ i
Bl ELAMEIE 2 EE (mg/100 g) REE %
TO-1 7.73 7.13 0.60 8.42
TO-2 11.3 10.9 0.43 3.95
TO-3 8.33 8.46 0.13 1.54
T0-4 7.37 6.66 0.71 10.6
TO-5 8.61 8.49 0.12 1.41
T3-1 16.6 15.9 0.77 4.85
T3-2 17.2 16.6 0.63 3.80
T3-3 17.5 17.6 0.06 0.34
T3-4 19.8 19.2 0.56 291
T3-5 15.6 15.3 0.23 1.50
T7-1 27.3 27.7 0.39 1.41
T7-2 31.3 30.9 0.42 1.36
T7-3 28.9 29.4 0.51 1.73
T7-4 28.7 28.8 0.15 0.52
T7-5 26.3 25.8 0.48 1.86
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A e TV BN R 6 2 FE RS o AL AR



306 2024, Vol.45, No.02

E6miltl =

XLy

A ZE FIRSD 2 HN5.27% 4.19%F13.49%, €&
R 45 B EIRSD > 5 N4.36% . 3.05% 2.28%. 14
GB/T 27404—2008 {556 = i & 4% Hl A0 £ & FL K
Ty B, IS 100 me/kg HIRE R, SEI S
RSDREHIFES. 3% LA, RIFIE LML E L kA
b, R AR, (H/NF5.3%, TEIRZERVT
VAP, THEA R .

5 JRELAPJr ikt b 7 IR/ R R SIS Gr NG 45 1L 1 b A
Table 5  Comparison of precision between the NIR method and the

standard method for crayfish freshness detection

s —1 (mg/100 ) T3/ (mg/100 g) T2/ (mg/100 g)

B EIA  ERE TS R Eah  ERE
JelRiE el OulRRNE WEl OuERWE  EE

1 8.10 7.19 18.8 184 29.1 287

2 847 6.72 193 180 28.1 289

3 8.00 6.85 19.7 187 267 274

4 7.63 6.62 212 194 264 28.8

5 741 743 20.8 19.6 280 287

6 8.00 731 194 19.2 284 287

7 732 6.96 199 19.1 276 29.5

FIE 7.85 7.01 199 189 217 28.7

iz 041 031 0.83 0.58 0.97 0.65

RSD/% 527 436 419 3.05 349 2.8
2253 REUE

20 AN 6 1 vE 5 o R o I R OB W E 4
BwFEeH~. %X (6) « (7) itH, HLOD=
1.53 mg/100 g, LOQ=5.12 mg/100 g; Fi& & R H
LOD=0.63 mg/100 g, LOQ=2.13 mg/100 g. ITZL4
W7 R R 5 B R TR R e A, R
LA TTE R BUE 5 E € BOE ML ER, 5
Pasquini™ TR 55 AH) &, {H 5 Wang Wenxiu g 7
(% ATVB-N 7 5 TN A B b R 3

LOD=3s (6)

LOQ=10s @)

A LODAK IR/ (mg/100 g) ; LOQAE &
F/ (mg/100 ) : sbRAEZ/ (mg/100 &) ©

6 JELLIMCHG )y ikt e Iy iR SR S G i S A0 L A
Table 6  Comparison of sensitivity between the NIR method and the

standard method for crayfish freshness detection

TVB-N% &/ (mg/100 g)

R RE
ANTRAFRE S E I R

TO-1 5.26 5.23
TO-2 5.59 5.27
TO-3 5.30 5.10
TO-4 4.67 4.74
TO-5 5.41 491
TO-6 6.04 4.87
TO-7 6.32 5.01
TO-8 4.92 4.60
TO-9 6.03 5.01
TO-10 5.52 5.15

P 5.51 4.99

b 22 0.51 0.21
LOD 1.53 0.63
LOQ 5.12 2.13

3 ik 5EgR

NI T A5 6 R B P G ST AP AR — B S, S T AR
(10 J5 46 Y6 1% 3 (I TVB-NE A R e oA 2 b A 25 11 5
BRI A R, QR ERE T /NI — 5P
HPE, GRT AR ST, (HRIN T AT AR R

2T AN 1 2 T5UAL B 7 57 (I CNINAR 2 5 PLS 5 76 4
b, H A& BN IR TVB-NS &I 6E /7, S
TEWT-CNN-$FM=TVB-NE T Y A 7 /N e i 5 25 1) 5
AR, K R R AR . G5 G, R &5 SRS,
REfE Ay PR L 0t B DA VA VR /DN e S 5 R 4R A — Fh ] 47
PSP

I FH I LT A0 61 7 32068 8 — /N R AR S R TVB-N
RS WAL, 1 RMAHEZE KT 10%, 4
R ZE/NTF0.77 mg/100 g5 XF3 Fh F B /N JpmF #E
() E SCIGRSD 7 A N5.27% . 4.19%F13.49%, /N T
5.3%; KiHR. &R AI1.53, 5.12 mg/100 g. 1%
dogk R, UTLLANETE TR R I HER B .
fE. REBPEHEAETEN, SNEERRIT.

AT 53 S W T-CNN-HF JE TVB-N & £ A5 L R 5
IR ZE T e tERE A, (R SR RLF, BoRET/hE
WU 2 3 37 30T 4T AN R T /N e P LA T AT, A
KB RGT L AMEIEA, IR ZBREF S, B EAS I/
TR, M S TSI o 5 82 AT R 4 Al 52 B B
FHRE R, I A 48 3000 21 40 RS AR AR 1% 42 37 6 15 T
MRS, S ok, A AS RS 26 A k47 i R 4
FAEZESR, TEARMES 2 (A B A% 33 (1 o] 47 PR ik —
BT, T AN IR P2 I 22 4 % J $ 44 B 4 (R oA
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