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B F =(my—m,)/ mpx100% (1)

134 ZEEMA W10 g MEFHRFE, idh
My, FRAZEZAS R B 0 BT 85 C/K IR 8 Hhm#4
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Table 1 The changes in texture of the fish of pearl gentian grouper with different survival time

B g e ik A FER Mg A
B 5536 +26.69° 0.91 £ 0.06" 1956 + 36.23" 0.55 £0.01* 0.41 £ 0.00*
0h 4680 +35.11" 0.83 £ 0.15¢ 2070 £ 32.18° 0.47 £0.01* 0.41 £ 0.01*
3h 4720 £ 33.29" 0.84 £0.12° 1 801 +40.26° 0.48 +0.01* 0.40 £ 0.01*
6 h 3867 +24.67° 0.74 = 0.09° 1375 +33.18¢ 0.44 +0.01" 0.39 +0.01*
9h 3314 £32.32¢ 0.95 £0.11* 1345 +29.77° 0.43 £ 0.00 0.39 £0.01*
12 h 3198 £21.71° 0.78 + 0.05¢ 1191 +35.19' 0.45 £ 0.01" 0.40 £ 0.00*

TE TSR b Am 7 B A ] 3 7 Bl ) W 3 1k 22 5% (P < 0.05) o

22 AWMBIEKFRETERH pH TH
BT E Y 18 A pH i 55 B8, pHL fEL SR AR 2
SR 61 DY R B 0 L pH AR 1k 25 R LR R Bk

A AR AL 0 2h BB A o B R
i, BE T ATRLE R 12 h 5, pH L 7.0
M 6.7, B E LT EEFEM pH H(P<0.05), XnA]
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Fig.2 The changes in water retention capacity of pearl gentian grouper with different keep alive time
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Fig.3 Changes of water distribution in pearl gentian grouper with different keep alive time
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Table 2 Changes in the area ratio of T, peak of lateral relaxation time in grouper during waterless preservation

AR 8) He TR B 1) A 0h 3h 6h 9h 12 h
T 0.018 0.016 0.0214 0.0333 0.0279 0.0332
T 0.9691 0.9691 0.9639 0.9536 0.9443 0.9446
Ty 0.0129 0.0129 0.0200 0.0249 0.0223 0.0273
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Fig4 The content of muscle glycogen in pearl gentian

grouper during waterless preservation
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Fig.5 The original near—infrared spectra of pearl

gentian grouper with different keep alive time
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B 5, 7F 1 934~2 040 nm U B2 N-H 8 {# 45 9k )
FEAE AT S Al P 5 AR R a2 R R A
K05 A 1 1 100~1 400 nm 1 2 200~

6h 12h

F Y 2
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I O - S

0h Q v
(.\: AL NN N
2 400 nm & C—H HE 45 4UR1 — SRR , 7T LA Co A\
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7 . Ky & i Rk KA S W S LA A i 3
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2.7 SIMCA E&RE S B 6 REIMRE M E 8k B 5 f P
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ST AN YETE | o 3 B S SR PR 20 BN 4 S B AT 3 Fig.6  Principal component analysis of pearl gentian
WA DLECHT 2 MBS R R 45 A grouper with different keep alive time

6. X B MEEARISE 1 M4 PCL,Y M RAEA W] 12 h J5 B A T — DR K, =
852 FAr PC2, BHRRRRAB G E bRy WAE ST R 6 h A9 h # R E A i
SR e R [ 355 B 1H) B9 £ P PCA E MR TR ZESRBUN, S BN A BT T I, & ,0,3h 5
[543 Bt 6D 0 7 B £ PR IR PR AE 22 55, AT LU 12 h AR, RESB BT M IX 73U

8 RE 10,3, 12 h JLAS 2 I BE A 4 0 9 B 0 % 3 29 SIMCA XJ A [f] G4 i I1) £ B £ 1 /4
i 6 h A9 h R R — E RS B R BERE 0,3 h R BRI IAF) 100% , 1
EESANE, XA feld TEARAME oh  PRIE 6h F19h BF% 80% ., SIMCA W] X 3
Wi AR IR B A AR Al ol L FR S  fa i ke K ANFEORTG IFIEIAY 30 A4 BEAARE o, B 2 A
T EC AL L B | S BURT I E A  F R PG, IE B K000 % 93.3% , Ui B 3T 21 A B A X 43
6 h E) 9 h I, £ cfol 5T AR ORI AR TR S IR T I IR £ P Y e

®3 DUuLEAKESERREFENEHN SIMCA HAMERE (n=5)
Table 3 Validity of SIMCA discrimination of pearl gentian grouper (n=5)

A % A St 0h 3h 6h 9h 12h FI 5 1%
St H 5 0 0 0 0 0 100
0h 5 0 0 0 0 0 100
3h 5 0 0 0 0 0 100
6h 0 0 0 4 1 0 80
9h 0 0 0 1 4 0 80
12h 0 0 0 0 0 5 100
28 MEEREEHEISH esr (i =™, B 7 AN [ FiAk B 200 g LA

N 1A BN AER AT SR AT AE A, G B F th MSC Mean Centering F1 SNV 7£ & 1k i f &
HEAT FIUAL BRI A+ Jr b 2R . RIS B | T Fe P A IR A T Oy T ROCRARGF . % 4 R PR
T A R iy A AY R ] Savitzky—Go- [F) i 4k 2 Ty 2% 5 G AT AR LS, f
lay V- (SG) .JH—4k (Normalization ) , Z JG U 1 1 PLS 4 i 52 1 A5 A9 PR 45 5 . 482 Mean cen-
1E (Multiplicative scatter correction, MSC) , 3£k #% tering T 4k B A 185 81 ) RMSEP {8 5 /) (0.24) ,R
1F (Baseline correction,BC). ¥JMEH 7.0tk (Mean {E £ K (0.89) , Ui B 1255 700 fy v A 3 e i, A5 780 1)
centering) % T B 75 355 [ AR D1 (T A T Ak 3B T e 7 b, B8 S A BE Al 41 A8 i &
g wk JaT Db, MeER R TS Mean Centering Zb ¥R /5, AU J5% % 2 52 {8 0 53 0
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Fig.7 Near infrared spectra with different pretreatments

R4 ARLERMLEBFEEINBRELBAREEE PLS A HER

2023 455 7 W

Table 4 PLS analysis results of pearl gentian grouper glycogen established by different spectral pretreatment methods

S TR 2 Ty ok RESEC R¢ RMSEP R} HEA I E R A K
T K3 4 22 None 0.18 0.88 0.40 0.69 14
BC 0.62 0.94 0.33 0.80 13
MSC 0.21 0.93 0.41 0.69 12
Mean centering 0.23 0.92 0.24 0.89 13
Nomalization 0.21 0.93 0.44 0.64 13
SNV 0.27 0.89 0.40 0.70 13
SG 0.21 0.93 0.38 0.73 14
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Fig.8 The relationship between the true value
and the predicted value of glycogen content

in pearl gentian grouper

R RE, MR y = 0.9522¢+
0.0523, M5 R 5 R* Ay 0.9408, 3 B H B A5 45 4f
B FUI BE T AN ERR C R
29 AHEETEEHEENINIIIE

R 6 I 4 P R O T A A ST A A R
A5 B — R A B H T R RN S T
B, RN S SE PR A X R 2, A5 R LR
5. o DA RTUAH TSRS AR I o (i R B S L A4 3T il
A 5 52 b AE ) A0 %) i 22 (Relative deviation,
RD)7E 0.01~0.15 Z 1], 33 3 W1 T b 2 Ay 455 780 L A7
B T RE 7, B AR A A M OO R i, e
FHF DR J5 A B0 0 f TR RE B D A 2 1 R A
m,

®5 DULEAHRENERSEERIITERIELER

Table 5 External verification results of pearl gentian grouper glycogen content model
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Quality Changes and Near-Infrared Model Construction of Pearl Gentian Grouper

during Waterless Preservation
Bu Ying', He Shengqi', Wang Fei', Zhu Wenhui', Li Jianrong', Li Xuepeng”, Lin Hong?, Guo Xiaohua®
(‘College of Food Science and Technology, Bohai University, National & Local Joint Engineering Research Center
of Storage, Processing and Safety Control Technology for Fresh Agricultural and Aquatic Products,
Jinzhou 121013, Liaoning
*College of Food Science and Engineering, Ocean University of China, Qingdao 266003, Shandong
*Shandong Meijia Group Co., Lid., Rizhao 276800, Shandong)

Abstract In this study, the changes of muscle quality of pearl Gentian grouper were analyzed under different keep alive
time of waterless preservation, and Near Infrared Spectroscopy (NIRS) analysis technology was used to establish SIMCA
qualitative analysis model of keep alive time without water for pearl Gentian grouper during water—free preservation. The
quantitative analysis model of muscle glycogen was established by Partial Least Squares (PLS). The results showed that
the hardness and cohesiveness of pearl Geniian grouper decreased significantly with the extension of preservation time (P
< 0.05), and the pH decreased from 7.0 to 6.7. The centrifugal loss rate increased from 5.83% to 8.55% , and the
cooking loss increased from 21.7% to 30.5%. The low-field NMR analysis results revealed that, after 12 hours of water-
less preservation, the peak area of T in grouper decreased by 2.53%, while the peak area of T»; increased by 111.63%.
This indicates a decrease in non—-mobile water content and an increase in free water content, with limited transformation
from flow to free water. Consequently, muscle water holding capacity was reduced compared to fresh grouper. The correct
discrimination rate of SIMCA qualitative analysis model was 93.3%, and it had the ability to distinguish fish with differ-
ent retention time. The square root error of validation set of muscle glycogen quantitative analysis model established after
Mean Phoebe preprocessing was 0.24, and the correlation coefficient of validation set was 0.89. The relative deviation
between predicted values and actual values was between 0.01 and 0.15, indicating that the model has high accuracy and
good prediction ability. It can be used for rapid detection of glycogen content in fish samples of grouper after preserva-
tion.

Keywords pearl gentian grouper; quality; water—free preservation; correlation analysis; near infrared model



