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Research progress on freshness detection of aquatic products based on
freshness indicators
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ABSTRACT: As consumer awareness of food quality and its grading continues to increase, there is a growing focus
on developing effective, reliable and non-destructive methods for assessing food freshness. Aquatic product freshness
indicators are typically constructed from sensitive materials and fixed carriers. These materials react with specific
substances generated during the degradation process of aquatic product freshness, converting the chemical reaction
results into signals that are easily observable and interpretable by consumers, such as color changes, electrical signals,
or fluorescence signals. This review summarized the common sensitive materials used in aquatic product freshness

indicators and their application progress. It particularly explored various preparation methods for these indicators,
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along with their advantages and limitations, including solution casting, spin coating, impregnation-drying,

electrospinning, 2D printing, and 3D printing technologies. Additionally, strategies to enhance the performance of

freshness indicators were discussed from multiple perspectives. The use of functional additives, encapsulation

techniques, and chemical modifications could improve the stability of the indicators, while methods like dye

blending, metal ion complexation, and colorimetric arrays had proven effective in enhancing their sensitivity. Finally,

the article outlined the opportunities and challenges for future research in food freshness, aiming to provide insights

for the development of intelligent food packaging freshness indicators.
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Table 1 ~Chemical structure and color changes of natural pigment materials under different pH conditions!"®
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Table 1 List of literature on the application of different types of sensitive materials as freshness indicators for aquatic products

A R [P 7 s W5E H bR+ il LivallPO S S 3CHk
HOAEREER HHRA T IE PERMEER IR etk LIy [19]
LHEAET R R W RESE R/ AAAL IE BERR AN PERVEER A 2D Bkl fififh [20]
LLKIEARTHERLLR MRS /2R I A L o R Bebhi: L [21]
FHSRR MR E IRV R FAKEHEER PERMEER IR Bethi: IR [22]
LR SR re- R PERMEER TR DerEk pNERE iR LR U [24]
LWR KREIFEEN PR MR FER 3D JTER: Hif [25]
: SISy T A e
pogcvespn 0 O RIEOR SEEED . im0 e e 26]
PIRIR-2-FR LR | 2-H BN s I A 5 2
PER FEEHIERH . 2-CRHIE)NIRIRS R VEERFEA erEk =3 [28]
P = e — PP SRR N A R
R T BEZHERIL e R DK Ay R FEA Bebhi: = [29]
T P FH B PR IR TG £ I R 47 2 R 4R PERMEER AL R Berhi: 1P [30]
13 Fh g iR PR SRR PERVERR SRR REUETE M RISEEL A [31]
RN I 205 R Mt JEW b = R AR BT B Fanidl [36]
ASQ SE PEIE AR BREEYE  REHT® L1 [37]
WX 2 R e e LR H,S e i 22 [ [38]
YLk S B s
mmm;%ﬂﬂM%¥ﬁ Wit #elg DSPE-PEG2000-OME Ha.S ek i e IR g PR [39]
ekl Cy7Cl
QMR 2 EmE [ .
D% &8 FERME . R OIREENA B H,S TLAE T L [40]
R2 HEERRYSIESERR
Table 2 Comparison of preparation methods for freshness indicators
WIR7S Bt AL L &4
o o - . JERER . M EA) L A AUOMUAS L Bk . .
N AT R l;y_ S i 4 5 i . &b =] . 21:
VAR g B 12 BRI, AL SAE . T il f I AL | REAERS . B AR
RWi Tk HETHL TR . BERE . Tt ot etk
FHR Y ZZBOR LY 220 JEEEN L R R TR 2R NGB B B 5T
ZERRR . WIAR . T IHFRD . WIS SHRAE . AT R A
b= N : 5 52 i
2D Effil v T [ THERHC HOE . FouE P2
3D fTERHIAR 3D {TEIHL BUERARE ] E T B 5 3D fTENFEM I FEA 5

T B LR ek 9 B A L R, R B i B A
RS T RS el IR, BT
71 8428 T 1T R AR AR 0 T /s W A R P
ORHLRE . ARORBIIFFT Ty i SR AE Tl i 26759k, DR T
RS AR MR PERE RGN, R A £ Al 22 R A AT
SERRR
21 RERE

P IRCDR Pt R A S A s A R D5 3
L) e R iy A K SR L [ AR A A
(0 A E R — A L B T
ST SIS . R,
BT R SE A8 A, AT 2R ) I BIES FA

B ZINERAZRME R, AR TR BUOML . AT
PER IR REEE | H8 P B B I SRR il £ 22 R
Wi m U5 SRR SRR RO H R R LA
B p-FRRORS | H AN AL AE TS 2R BORT BERE 1R, 25
RE7R, B X R AP TRTE B E AR, IR B T
PUSRAIBUARTERE, X —BIF 7 B 2 15 /s 1 1 ) o S ik 1
ARMS% . WA, WRGEHEEADGE T HZHE R Y
il g, A T LAE S 7R BERE P-Al_E 22 Ge #5222 558,
HAZ T A s e A P A RIS B . REFERLR . 551
AZRIF LR RS T EUE A R S R A I T R T e 2
TGP ARG . AR/ SR 2R s R, il
T —FIOBUZ B AR MR T W =St T R, LSSV IR A
FEAT ZAE N NIZEE, 50 RE- R LI BIY B0 R



5512 4]

JRINRER, S JETF R EE R R W (0 K™ i B i FEE G AF 5 12

SN2 R EE, SN2 IR 24 B A 5e RER AR 1:1
W, KRB R R, BEUPERE . AR A L I

i A B E PEAR R B BT, A6 Il G £ ik 5 1,

T Ja AR IS e, BUZ B 45 1T DL 3 PRI 7 K 41k
TERR S HAE M, FRATE = SRR Es T
RN o PLAMA AT LUK B R U A AN, PR a1k
R, BB -5 SRR R TR A TR0 I e R )
FSEIEAT R L o RIS PEAT S 0, 0 B T
BB ST HEOOT, Z2RERSIIEKR L, RE&HE
BAILIE FIE R — 2 5 B R . 22 T LR A e
EEURAT R A B i BT R, 0 FH 22 ER R T Ak A ok e A 2R
FOITNE R LA L . AR R B, AT A5 A9 3
R S], MM SR, RIS MEITZ
LA 2 pm WFLIA, X EEFLIR M AF TR O T ¥ 2 PR Y
ko A HERR AT LA UK S e 28 A, VT A%
B, TR B g B O (VA TR 2 50 40 AT TR B B 38— 1
Ji5E, T H R AR e PE AR RE, BT AR A U e
SR, SR LSRR AR A £ TR B RR ) T e A KR A
R RTAT M, Ak ] DLRREEA oY ok, iF— s HAE R
FIASE A 7= A0l o7 A AR 9 R i o
22 RiEMTE

R BUHET R — A e S2 06 = U T 45 RE B BT
fif BEFE N g 1 BT B 3 SE A i, R,
ZILREYH R TE BB BB, RakHE
DB CHE FF T8 AR — 2500 A o o % 2l A
R | AR E AR VR TR B, FR R W A RCR B A
. R R AR A X 3 MR FE IS E . e
e 2—F I TR Rl G, Haa
KEFRILW Z IG5, R F SRR R ) 0% B A, [R]
A R A A (0 B R TR, A R 5 & A A 1 i R
REHELE IR R B EZATT ZWNR AL T —Fh
7 FH 3 1 £ 4 33 3 30 40RD 58 5 3K 1 TR R 21 £ )
ETT, KA pH M 2 B 12 B934 hn, 230 i 20 200 19 48
ko TR AN, oot 21 4E 21 b} B LS 1 A 4 B A b 2
RETH I T R AT A AT s, 5 H A ¢ Ak 58 0 3
Ao X5 S AP AR el 1k BB S R T Ak 2 AL
PHAR 4040, DABHBR S AL A0 by [ 5 2004, 3 2o i3 At
Fohl & 7o EE EEAR R Y, 45 R R X 2 Rl b 2R R
JEM AR BB R RE 1, TR0 25+ 2% BH BRAR S0 10 40
R BB RMFRER, A BT 2 — 25 % Ugorr Bl k17 B
FHSEE, I8P AT LA N [R) I 56 BsF (8] fa R A o 1408
fif B AT X 9% o RE R BT A7 — Se J5 FR %, (H
MY PR R R AR —E
e B AIE 5T AT L A e VR A VA VR IC DA I e R Al
P ERARIE R, 2 — A5 4L g 3 £ 5 95 7 ) ) e i 1k I R,
P R A A i e 7R Wy 4 v A N RS T

23 FREYIZAEAR

Y2 AR MR AR RS SERT, B
BB WA L 22, A AR A R R B R, IR
SRR FIE AR ET LR o I I AR il % 1) et
TR NP AT DL SE BGOSR ok g b e, PRl AS B FE R
YA S FLBUR A = LR WA, BB S SO N AR
ARAk, TR AR AT DA K P B SO R AT H R, CAOR
[ 2T (R R R AL T 32 I A T REME . LIU 1%
FHE R 22 ARG & T —FETR Y, Kok st
HRBERNRCONEE RN RZ, FERRZZ E, B
T RO NERGUORLEAE IR 2, B 8k 5 skl
B A4 AH B P BB A A G HE /R W W B K PR B, /i
EHEEMNEE, BT AN A T, G P [,
Y L 2223 B 45 40 B % P i 1 AR F8 AR . DONG
ZEDSLR s 2 R A sk R, 22 e SR LR A O [
ik, Ho e RAREMRT AP b, IR 2Rt
BT NN-FEF B, R5% _ERATE R E LY
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FPEREFIN. AV 1o R AT DLt — R R A AL e 25 22
FoR, DAITFEE 2R MB SR Y, M oh A B e
AR ZR A,
2.4 2D ENRIE

ENHE A R —Fh . &R, e ER T
v P AR LA S, G ARE R . SFMERRI . 2 RRER
Rl . 22 PXIER V%S B R A o JF T P Ay 3 Aok T ) A
MR FE R A e 5L |, nT AN T & el
HAARAE bR . HHAME 24 A L, 2D B RIELAT B
AR, RS R AR AT S A, LIS
PR BE P R P AL AR ™ . TS Bl & — A iz fh =X
THEIRI TR, AR EEEINET, R AT
AT DL LR 1 7E 25 A B b S R TR,
H Tt BT ENEA i e R S B T B AR KO 1
DU RIS U5 e 25 2 AL, Boh il 5 s & S
i JBF 1 /s 0 B9 — U HAT B AT A9 5% . WESTON 4514
38 T — ol R v P SR AT BN 58 T TR 7 AT ENAE A
A LT 2t F WS BT s B AR R W ik, IR SRR B X
FEF L R PR ZLRR IR 5 L 1 pH ARfL R
MR, SR T XA W RE | YR EEFNAR B X 43 221



10 B dn 2 4 R R I A 4R

%16 &

B3 T #8357 6 85 41 715 400 1) D Ay o P 5 11 22 D9 A Ay Bl
WAL AR R BIACKTR A T U R il B2 50 b ) ok A
Bk b, R TR RS S A . FANG P4
WAL T AR W BUSRE R, 2 H 5T R/ S A T R B A
AR R, FE ARG R 2 I B R 3 1 A T
ARETEAR I EEREFE ™ Y, G5RBRALT R R IHTR
/A T S TR e B I R AR B0 1 38 50 R RS B
MIFLBRSEHE, B BLAFAYXT TMA ST o 5 ANHAE 4 2F di
- g e 7 3 3 P S ARG T B 46 b i 0 R R, R 25 S
FUEACH L R T AURFLER R AT R A, R o8 FH 22 o B0 il
T A5 TR R R W, AT 1 LA R AT B 1Y
BTYIZE Rl A VRS LR M A 4 BB RE  SUN 261401
A T ] S 1) B AR L €25 2 3 R R 4,
FAF Wi s e B e . DA KIREH IR | R SR 4
FEFH I R JRURL A8 T — R Ef v A, 3 gk 22 ) E RS
JLENRITELR o W2 AR RFIFREAE 4 °CHI 25 °CHF T
KIS, B S5 ape s b TVB-N il TMA & 878
b3, 2D BVl 75 ] £ 7 i 16 7 20y R) JEL AV A A 7 58 1
il A 2ok A L R RIS A = (A R e B, ) I 3 e 7
FTEN S R 2 W R IR, S8t il Ak 935 R P st
il 2 AN [R) 40U AN FH A7 B T SR, (FLTM B 19 0 128 5 B L TR
BRI N R TIRER, LABIE SEFTER L i . Ak ] DLk
— SRR R [R A 1 [ AR S R SR AL A, A
PSR P Pk BE R L AHRE, IR A nT LASS i £ 2 DA 3k
— R AR R AR E M RN I
2.5 3D FTEHAR

FIHT, 3D T EPo iy T i v R 2 o 6 i 46 7
W, VBRI EAR, B mA TR A 't
RGBT 2550, R S T I8 R MR kAL
Wb, BAMERREH. LI EPRIH RSB E A%
WHE, WRHA YA pH BUSPE E A1, KI5 SR
TR BT HTEN A 88K B 3 3D FTEREEAR, B Hh AT (1
TR . GEHE R, I ) 3 i, BR2s 2 il o R
ML, 5 TVB-N &R IR, RRIEA b s & 5
WL, ) 3D ATERH AR REA ROk AL G I I TR e ARk
FYIE B R M RERIR 2% . MRHR % . RS AR SS AL
ARSE NS A, H R AT R R AR OB R R i
(%) 3D FTERA R AR D, T AR 5 A B3 IaE iy 18 P AR 9%
TANG P& T —Fh 3L F 5N F 23 /RIS G ke
BB R/ ERG Pickering FLI, FH¥ 5 D84 25wk
IR ZIREELE A W4 K 3D FTENIh AR, ZFLAETEA A i
JE(20, 4, 25 °C)FHEAF 50 d, SMR4F T RLAF Ay [ A BR
Mo, FL7E R BGOSR R BURE 8, UEW T H e r
FitaEtE . HATENR MRS R HoA R AR LR RE A bt
PPLALRCR, X HA 5 1 (R U, T Ik
A ) JE I 150 o AR BF 2 R LAE— 25 £ 3D/4D 4T Ep

SEAE A LB B TR B BN, AR SR 2N B A I T T BE
A AN TR £ i PR AT OR o

25 LR, B EE AR 28 Y ] A e — A S 2% T G
(O AR, ) P DO e L RO IR AR AR,
Pl WSRO A R FR O BB S, 7 e [
TE BRI, —SEnT GRS WIANTERY . RO RN
R ILLT ARG . R RM Z Y, AT R
£ A R A AR TSR 2 R P AR AR 0 S B, X BT
et fft SR B AN (URT LAAE S i 7 W B 8 AR S R, S 45, T
R R (5 A TS, e s n e e vk,
eI G (25 7 1A Re SE B R ) R E B 1, R
RS il BB B P B (AT i A e DR 56

3 RFTEREEE R R RE RO SRR

T B A 75 0 R T ABORORE R R SE AR A A [,
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