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Abstract: With economic development and social progress, consumers are paying more and more attention to food safety
and quality. Traditional packaging techniques are difficult to monitor food quality in real time. Therefore, intelligent pack-
aging technologies represented by freshness indicator films have emerged. Bioactive compounds, due to their degradability,
antioxidant properties and biosafety, have become the core materials for constructing green and intelligent indicator films.
This article systematically reviews the application and challenges of bioactive substances in food intelligent indicator films.
It is found that nanocellulose has high loading and response characteristics, along with the dual advantages of preserving the
bioactivity of encapsulated substances and providing favorable loading performance for lipophilic compounds. Chemical
modification can endow cellulose derivative substrates with excellent water or organic solubility, making them easy to form
films. Polysaccharide materials can not only provide structural support and load platforms, but also achieve intelligent
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responses by responding to environmental stimuli. Protein-based degradable materials can be used to prepare hydrophilic or

hydrophobic property indicator films and applied in various foods. Flavonoids, phenols and quinone pigments in natural

indicators can achieve the effect of preservation and monitoring through color changes in different pH environments by

being compounded with other materials. Real-time monitoring of the freshness of meat, seafood, fruits, vegetables and dairy

products can be achieved by utilizing the color reaction between different spoilage and deterioration signals and indicator

films. Future research should focus on developing high-performance carriers and more stable indicators to expand the appli-

cation scenarios of intelligent indicator films, thereby achieving purer, more efficient and stable green packaging applica-

tions.
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LI T HER 2 (Quinone ) 5 &R X, (Hydroquinone )
ZERg TR, RS, BR=NES YT R
AR ZZ W] WG BRVRLT | Sl (s 24 i B S
ORI BAL S (H,S) « A A s S5 5im i TRt 42) R A
BRCEs Ha Bl A o SR =X, YR R WL, Bita il
TotaalyRE e, mNALHIINE 20) s,
2.3 ERERE

PfFATE i 7 AL 38 A RS R s [ A ARE St A
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Al sl oK i, A1k BARISIEAC N SN 774, fil
FEE AR R T AT AR AR €2, SCERXT 1 o e
FEDRIY i R S BRI AESERRN L AN
[FIZE B Er 5 B K 23 TR 72 43 DA S B S 1),
LB IR JBT S 7 A= U RS B R R s S, [
Ak ) 7 R S S A T 2 ) LR AT 4R S PR AL, P4
H,0,; ZLifill B Es m= A= IR B Y i B+ s,
SEAG Y PR 2R Wil 23 %) FEHEA T R S A AR, AR Bl NH; o
Lin 507 £e i e 25 5o P LT 4 b [ 2 (L BEE 38
7L, A E AR B e A A A B R AR 25 (559, I
FFH E S A E A il RSB g s B0 25 o 2 FTE
1bhE, tEE T PP BBl 15 RS, R et ie
PR AR B BT I T RE

SEAE - IR R SR i o3 RErE, Al Se g g
TrIEMELIAS B WAS HE I . S AS B AR AL LA I 2
PR SO, SBT3 AZ R Tl BRI s
TGRS 33558 o L AL i 2 (e) s o
24 SHIEA

SRS F I BB E 8 s 7 5 O R
(4 NH, . H,S . CO,) HFRR MRS A fil & A% T
R N ARAY, B ANSE ) BT R B pH ey, Gkt
B, N LT (G2 Sl i 44 CO, 3L pH REAIR, GLklEn
0, W B 05 A8 SRy (05 N KOS DU ok T I v
1o, FR BT SmAb & R A SO, A R A R AR o
1300 N Y DI AU N ey g S TGP u N LW VR (YEE N
H,S. kw78 2ol Bh gk fAsm i il B b <
ARAL Y,

MR L B TSI R N 2 S AT S5 RE
71, AT S5 RIS NI AR HL,S A Rk
) CO, AN, B A BB ALSEAZ.0 T 28, (B
JETH 532 N P . FFFT A B, RlEd I & 4R
AHEZEAA R (MOFs) JR TR E 5 Bt hsisKiR
JEERMA G RIS AR S PR AE S LIS . T N AL 4D
K 2(d) e
3 BREREREARESRTHIINA
3.1 FISSHREEE NS

PSS e 8 s IR T AT o P 28 W AR e
A Y B E 5 —TVB-N FIE I EALr=4y, A FHix Lk
YRS | &) pH 221k sk MM EF 5, IRshFs /R & A m]
DL AR (AN 88— St — iE o — 2555, Emseast
S L RIS KRR R, SIEEM M A P =3 i B 4 A SR
JERWERE(ER 1),

ARYE pH BX 3 1935 75 I FE, Cao 250 FI| F B2k
AR R R S H - ke R 2 5 H &, I
& pH fUBBITIRRE, IS RPE-CMC 25
R BEFE AR . IR (A, Oy — 58— iR S — ) bl
A R pH 2846, RS HESCIR A= PR PO (5 4 d)
MW 7 A BB, HIRTF T IEH EReoe M AR
e, N RIS ALRT AR W B

% pH 155 4b, &% PISEIE W™= A= i AR E 5,
an NH;, 52 AN VWA R T & R 8UE I AE BRI FE /R
%, Oktay 550° JF & T —FhE:T BNC. PVA Fiifk
HHBA A-ZIF-8 N ZREekr&s . fb)s m e
Xt NH, /& Bt ge W 53T, N HT 4 C i iixg

ORI KA R L TR BB s R4 1 S

Table 1  Application examples of smart indicator films in meat, seafood, fruits, vegetables, and dairy products

P POE il SR R 2] Bl S/c*m‘k
4 pH,TVB-N, MUGTE4. TBARS  HEEEH R K FHR/CMCE 4 15 bV EAREY/E St [14]
XA TVB-N, B S5 HHR BNC/PVAZJZ [l EARERV [35]
Bk A TVB-N, pH WHRAET RFSHAY) WA e A AR B IR~ [24]
1 TVBN R LR FRBAIE AN TR [50]

ELENHR
A TVB-N, pH EHER LTHER AR feELT 52T [53]
LiY TVB-N, pH BEUHR PV A/riclin £ 5 E AR S S [36]
M yh TVB-N, pH LR P LT 4 4 Pickering FLI WoURH [11]
Eitn TVB-N, pH LWRGHER FORBEA /I pigeaN [43]
K =t W2 L R PP RS RN EARY/E 3 [61]
i VB Ehk s FowBowE
IR TVB-N LIE=AE TR EHEREN 4T3 [49]
Higf S A WHER/ENZERY  PVAMNEMIEN/PGER &I ¥ [37]
g BrAprk pH/& WR/ZENRERY PVA/CMCE & fift TE ST [41]
L LA FL CO, VR AL WREHER PVA/RE S8 H G HE FEoLr [31]
4475 pH VA FERME AT A YRR E S i) [66]

7E: TVB-N: £ & M3 5% ( Total Volatile Basic Nitrogen ); CMC: & H FE£7- 4 22 (Carboxymethyl Cellulose ) ; BNC: 41l 44 K £F 4k 2 (Bacterial Nanocellulose);
PVA: R LI (Polyvinyl Alcohol); TBARS: Fift [ kb %2 2 Wi ¥ ( Thiobarbituric Acid Reactive Substances); PGE: 3 Z —.F X (3-& N 3 ) ik

(polyethylene glycol bis(3-aminopropyl)ether) .
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JRIAl, Hota 22 (AE™) FLT SR (o HME S B b
J2 TVB-N & BEAR G, A vl WAk B (o AR {1 B4
PR o AR S ISR e L Re PRIt T i R A
BE AEHEALTE AN TR

A Rt B e /s IR B B 1 A ik e 2 R 2K
JE WG FR R A B S IS S, I B P2 I R B
grm, HETRFRAE T THE A . A= R RIS Y 45 A&, T
SEPAL L TG PR A DL IR A 1A TS DROR S s 42 i Iy A 20 1 AR
WA s 8 53 SRS BL ] A5 AR e i, MELATHE R RIS
TolbAEF=TTsR e R, T AT AR P 28 bR s
2 SACMBIEC Ty, Fh R 8 s kA 3 22 AL v 38
P, FERARBASA L, B AT T
3.2 KRR A

ZK = T R RE W S s I o A I TMA
NH, JE&WMAR Y, FIH KSR A ZE A pH LY 5 MOF
SRR B A AL X R AR Y S N SIS B S
ICEe-391

SRy SEERUHT e EEASI BRI Y, Kang 25190 FF & T
FETHRRAG BAVIE 2 (Cu-MOF) INTERY/PVA 245
FIREIRES . A AEHEAE AR Y NH,; J5 1 min Y
PR AT UL FH 4228 PR, 76 4 °C A1 28 °C T EiaAr
A5 HR IR = B W o AT R 92%, v
FER AR BT, T8 AR R AR R IR AR IS BLRE , A=K 5y
S B RR A T 2.

XK P S AR EERT SR, Sun 2500 JF & LRI/
¥R W LS BOpE S Bl L BB G T AT R 2 LMek R
T ARSI Z IR e AR, LAk P
Witk TR = SC it LB 4 d 2B &
9 d, AT SEAT WEIHTEERE, SR7kr= i A e AR AT
I

IR it I R G s RS AT P e g, H 2L
B TRENREFL M ZREE . 5 SSOH BRI
FEAEARRU] R, 7K 7= S FR /s IR 7 36 S A, 24 vh
FARFNL, T D SEER = A RN o AT, BUE BRAL
X TMA Wiy RALEEJMIGT NH,, X LU 5
AR FMERGES . THRIEREK RIS il
YR, P DU AE L FH i 3 SR R Sl Bl T Ak,
EGEXT TMA (AR R R AR, SCERK ™ S R
VT
3.3 REERESBIEN

BRI AL R N T PR AR Ja WP A g
VATV 2,95 /995 I 0 o) 130 R 8 W0 AT A A B g e
RPN . I e v SR BRI A B b CO,/0,
WREARL . FRIEFE R HEA LA (VOCs) B s i E 4
RIF= (pH 284k), filh % Bl 01/ 28 ARk, FHE5 5 2%
B/ EAIE P T TR

X I SRR 6 SRR (A P IR AR D 4 55wl A
WEMIFESR, Xia &89 FF & TIRTIER GLEERRLR
B EERE Eb B FE /R, L PVA Fil CMC & &3
JoT SRy AR, i B TR DA T2, T S A N Ak

WA C PRI 2%~16% CO, B3 e )& A8k, fih %
W LT S EE RIS AL )
BHYBPEAE S, 25 °C fgfERT 22X FRZH $2 T 98.5%,
HEAS TS R A B BT . 524 3 I ol 0 ks e
TREEHE 177 °C, PR R IR R AR, S ER
A RIS PR AL BE W 2 .

Sy 7 35 A R IS TR BRI P S T R4 W T 3 5
FHAR AL GE B E IR IR RS, Shen 2507 & T —2
FFAH FH/BERE G RN OEPPH A S BORE, L
PVA/TTIEMETER 2 A BTN 4R, 51 PGE 1 M#E
AN AT o TR o R S AR R A R R
AR 2-CUATE, fik & PGE /509 pH &ML, 2X3h
(032 Kk W S B AR, 16T R 35 AR (0,
Zw R MR A, EERMEASIT, I
AN HEIX A S AEEE (0 d) . YOt (3 ) 585 d)
RS, Homa 0 SR E P4y . B A PN R S AR
BE—3, BAFLTIR TS B KRR, TR T
(L GEHE AN AR i R A T e e, Sk 2 S SR 4
PET —FIRRAS . P A HLE AR BR AR A /K SRR
T SR W T 48

SRR PR /NI O SR AR A 5 JE R AR AU TR 1 4=
B, ASGER R R . iRt e s
AT W IhRE, A LAE—45 4 28 |
JEARFN ISR EE DI RE, A& Z D REAE B
3.4 FFEFEEE AN

AT RIS . Vgt R R ) s s A 2=, L
A BEFR AR I AT AL FARR T B . ISR 3=
L AR AR P 30 pH T BB IE S R
PERR, fih RAETT R EAFRAR AR WAL, T
0N DR GBS B IH/PVA N MG R AETT B N
JEORHEI#E T pH B REFR /NI, 7F T ISR B FL AT 6 R
AU H R B H B 2 19 68 22484k ; Muhammad 2519 fiff
ST & T —FhIL T AT ZE ApE4nyiEad pH 9K
BB AR A YR i AL AR, 5 G T e IR TR AR
RETE, SR AL A IR PR A T A T
2o YArPkiR AP T RLS R RSB R R e
PEASENR, DA RAPRHR BE B bR - RS S8R . R
Kt TF RIG K FIZRAR | 5 A= SO S 0 B -4 718 AL
IRER G, LA SIZ S0 i 0 R o
4 wEPERE

AR, A WIS ) oL CE AR A T AR R AT P
A PEAE DS, AE B o e B R B A b o v i I
KNP 1, (B AR B BeFe s i Hh iy 4T Talk
AR AR 2 EPkAR . — T, BT R RS
KIRAZRXSG ., 4 A M pH & EERUR, &) 33367
REE O ARANER R, SEMRFR s UERRTE; 55— T, 23]
AR Gl R P Ll oA 2 22, HLm T gk R s HI 557
JEFRTERE; BEAT, MRTFIT 25 H T R ZE K= M,
AR O O B R S VA E A oo E D i 3= S 0 il e
(A, B Je N H TR AR (B Ra e M, e oK L
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