165 13 B 2 4 o iR A A Vol. 16 No.13
2025 47 H Journal of Food Safety & Quality Jul., 2025

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20250324009

SIAARET: XIECSC, FHUSR. L - T SR S U XUE S 8 7 b 28 % FLGA T X AR R e 38 1 S M 0], B e 4
JERR 4R, 2025, 16(13): 8-17.

LIU HW, WANG KQ. Real-time monitoring of freshness of Litopenaeus vannamei by colorimetric-surface-enhanced Raman

scattering dual signal output indicator labels [J]. Journal of Food Safety & Quality, 2025, 16(13): 8-17. (in Chinese with English
abstract).

bl ta- 2 i B by 2 BN AU SR s b3k L
ZNTE R B PRSI )

x) B X 1, Faag
(1. FEVEERFENRES TR, 5 266000; 2. BHEEMINT 5742 HAEELSLZKE, F5  266000)

B FE: BN R -MREERENIUESH LIRS, FFSE XS FLYERT IR (Litopenaeus vannamei)#7
fif B Y SERE SN . F53k TR Z 4B (polyvinyl alcohol, PVA)Y/ il & &R, 4546 167 & (anthocyanins,
ACNs) , AL E AR BTHL(Au@ANPs) 5 6 Jm A HUERA R UiO-66, i 1 DEF#I% il # 0UF i th A8 bn s . HR,
T AERRR T L BAMEE M LA R BT B S 4% Ui0-66 XTARZS RIS afE i . LE/R . B IR = B i ke
T RVEbR Y, TR M B R PR . SRR LN T PLANEE R IR (9 5 6 S St e . S85R AEXT TR
W Ui0-66 [IFR%E, UiO-66 MR AL E T ACNs, $2T+ THRE M S e e VERE R E v . Ieabh, bn
BN e I AR I 5 AR 0 BE T o A LA X S e 5 W 0 T P, 8 7R b 85 1 3 € e ML 4 K R
B AR AL SR AT (A i AR S W St n, . SETF RIS SR P = B (surface-enhanced Raman scattering, SERS){5 5
FE 7. 10 e/ 3k [n] JH (partial least square regression, PLSR)FREAYXT#4 k& P:3h Bk % (total volatile base nitrogen,
TVB-N){H B M e 5, Forb ke iF 4225 2 % (calibrated coefficient of determination, RPc)H 0.951, 32 LIk
WFEAE e 5E 2% (cross-validated coefficient of determination, Ricy) A 0.899, Tililli4E g 4k (predicted coefficient
of determination, R%) 4 0.966, 5% 2% il {i 2= (residual prediction deviation, RPD) Wy 4.765, £&i AWF5fs 1
— R b (5-SERS WUE S th AR /mbRgs, AT [F25 S0 LA X IR 5 B nT AL 28 50 5 TVB-N (i 1Yy R T
W, B SR BRI B HR I T 2

KR b KRR IIE U, EE R, UI0-66; HEEEE; K™

Real-time monitoring of freshness of Litopenaeus vannamei by
colorimetric-surface-enhanced Raman scattering dual signal output
indicator labels

LIU Hui-Wen', WANG Kai-Qiang'*"

s is HHE: 2025-03-24

EEWAR: FFHARFESIH (32102065); [F KM 7L 3 AR R 5 H(CARS-47)

FE—1EE: XEL2000—), 2, Wi-LAFFEA, FEMGF &R E 2K . E-mail: wen2812135844@163.com

BIEEE: TYIRA991—), B, WL, BIEEE, FER T RN ATk . AT RS 5% 4. E-mail: wkq@ouc.edu.cn



%5 13 3]

XD, F: Mo -SRI ST B WU i R 18 s PR A8 8 PLAA T X6 ISR i 52 ) ST F

(1. College of Food Science and Engineering, Ocean University of China, Qingdao 266000, China;
2. Sate Key Laboratory of Marine Food Processing and Safety Control, Qingdao 266000, China)

ABSTRACT: Objective
monitoring of the freshness of Litopenaeus vannamei. Methods

To develop a sensitive and stable dual signal output indicator label and realize real-time
Based on polyvinyl alcohol (PVA)/agar
composite matrix combining anthocyanins (ACNs), silver coated gold nanoparticles (Au@AgNPs) and the metal
organic framework material UiO-66, the dual signal output indicator labels were prepared by casting method.
Next, the stabilizing effect of UiO-66 on the labels was investigated by storage stability, ultraviolet stability and
anti-migration experiments. Ammonia, dimethylamine and trimethylamine were used as characteristic volatile
markers to evaluate the gas sensitive response performance of the labels. Ultimately, the label was applied to
real-time monitoring of the freshness of Litopenaeus vannamei. Results Compared to labels without UiO-66, the
addition of UiO-66 effectively immobilized the anthocyanins and improved the UV stability and storage stability
of the label. In addition, the label showed excellent responsiveness to ammonia and amine gases. In the application
of freshness monitoring of Litopenaeus vannamei, the color of the indicator label gradually changed from
purplish-red to bluish-green with the change of freshness of Litopenaeus vannamei. The partial least squares
regression (PLSR) model based on the surface-enhanced Raman scattering (SERS) signals showed excellent
prediction performance for the total volatile basic nitrogen (TVB-N) values, with a correction set coefficient of
calibrated coefficient of determination (ch) of 0.951, cross-validated coefficient of determination (chv) of 0.899,
predicted coefficient of determination (R’p) of 0.966, and residual prediction deviation (RPD) of 4.765.
Conclusion A colorimetric-SERS dual-signal output indicator label is developed in this study. The label enable

simultaneous visual identification of the freshness of Litopenaeus vannamei and high-sensitivity prediction of

TVB-N values, providing a reference for the design of novel intelligent food packaging systems.
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B HGBS R ATAE 4 °C, HEEM.

132  Au@AgNPs #4941 &

SR FRENSUOU I (475 R 5 1 Ik thil 46 42 A0 oK
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PEgs b, BEEEEE 1000 t/min, IR 280 °C, 4#kH% 2 min
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Ui0-66 RA, Zil MG R 5 h, WML HREE.OHIE
Uk, ZBRARMEHT Y ACNs-Au@AgNPs AN, SR FHH >
HE 0.4 mL HaikH, 53] Ui0-66@ACNs-Au@AgNPs,
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AT HRESASRES Y TVB-N i, AWF5R4s &1kt
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XA X R B A T AR 4307, FEf8 HH OriginPro 2021
AT B, B 130 R IEAE R 4:1 B LU
REWESEFNTAE o R, A HEEE M GIE S A1 TVB-N {H
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5 TVB-N {EAHXS R A8 AR, A 2 3 e A I AR T
& % B (calibrated coefficient of determination, RPc). 3¢ X3
JESE D E Z B (cross-validated coefficient of determination,

Rlcy) . & IE % 34 J5 H % 2% (root mean square error of
calibration, RMSEC), 2 X I k477 # 1% % (root mean
square error of cross validation, RMSECV)#E171EMY . )5,
P T I A 194 BCH S A ) A e 4 5 2 7 1 s A R o
PTG E o P00 2 S 3 2o I 4 T E R £ (predicted
coefficient of determination, Rp). TS 7y HRiR 2 (root
mean square error of prediction, RMSEP)FI%5E 2= Tl fis 2=
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PEAIHT, FIWT AL TR EE . UORT i R WCIR S TiE 2ok
SERS 155 MMk, 45t imirik, wLARK™ 5
1) TVB-N {H#EF7 70, - H SERS {5 S Tl AL
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SEE A RLARIR BH [v(CO)VRIY- i N R 25 R 3 [8(CH) . B
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1642 cm' Ab IS C=0 HIMPZEIR SN, X AN Y5 25
R 1320 cm ! A BYIEAENS I T ACNSs B2 Ja] (kR 2h,
IEH SR EE R ACNs 45 FA G738 5L 52 el o o 41250
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