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ABSTRACT: The work aims to develop a chitosan/blueberry anthocyanin/titanium dioxide freshness indicator film with
good gas sensitivity and stability for rapid and non-destructive detection of meat freshness. The addition ratio of blueberry
anthocyanins was adjusted, and the gas sensitivity, physical properties, antioxidant properties and structure of the
membrane were systematically evaluated to verify its application in meat freshness monitoring. The results showed that
anthocyanins enhanced the gas sensitivity of the membranes, with significant changes in the colour of the membrane
gradient in the pH response, and significant changes in the total colour difference in the volatile amine response. For 2%
BA membranes, it improved their flexibility (elongation at break 15.6%) and strength (tensile strength 44.27 MPa), as well

as solubility (29.67%) and light-blocking (4.30%). The microscopic analyses confirmed that the material intermolecular
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interactions were stabilized, and titanium dioxide improved the crystallinity and micro-ordering of the membrane. In the

application of pork freshness indication effect, the membrane colour difference showed a significant positive correlation with

volatile saline nitrogen content (R=0.971 29), which could sensitively reflect the spoilage process. The chitosan/blueberry

anthocyanin/titanium dioxide membrane combines excellent stability, sensitive pH/amine responsiveness, and antioxidant

capacity, and is capable of monitoring meat freshness in real time through intuitive colour changes, providing an

innovative idea for the development of smart packaging materials.
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Fig.1 Color change BA-free composite membranes under different pH
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Tab.1 Color change of BA-containing composite membranes under different pH

FE it 2 B

pH H

CS-BA

1%BA

2%BA

3%BA




- 96 - 1 %% T %

2025 43 H

70
1%BA
T - s S

60 -

15 1 0%BA

B e e S S

0 5 10 15 20 25 30
st 8] /min

P2 S5 AR I

Fig.2 Amine response of composite membrane

2.2 EEEMRK
221 BN

I RIVERE W25 2., BA SiEAREN, AR5
HEK, PRIEERERSAN ., 0T 1%BA AR A, 4(0.058+
0.006) mm, 3%BA ffm, 4(0.062+0.001) mm, J5JE
B, BRREE A SO, SEURERAYIERH G
2% R, 1%BA BIBED G A, 2h1(4.165 0£0.048 5)%,
3%BA FBH G R, A (4.303 9£0.349 3)%., BA H
2B iSRS, JIK BB, (HER
FERYBETR i CS IR B 22 i 285 i X B8 A T 4544
BRI TP B, NI, 2%BA IEIKMERE, N
(29.67+2.71)%, 1%BA [IEIKMERAR, 7(13.85+1.27)%.
212 NZEMEEESH

SR Ty 2 BB ILZE 2, BA S i34 in, TS Seky
JEUR, ARSI BA MU0, T LA i ) 2 4 A
EJEYE, (Al BA W RESRBUL R IIL Y, A
BERIPEA L, TS TR, ik, 1%BA ) TS f# A,
9 (31.7£0.554) MPa, 2%BA fxf, M (44.27+6.87)
MPa ), EB /R RE LA 5 07 240 (0 S8 SR 14, Bl
BA &ty BN EEN S, fEh i R
o R Wa W2, AN R A AR I, 1%BA
B, N(15.6+5.57)%, 3%BA /K, }(6.91£1.33)%.
2.1.3 FTIR &#fF

FTIR Jtit% (4N 3a fias ) Won T 2R E 6E

WA 0 R AAE W Wi U < 3 617~3 647 em™'( O—H 4R 20 ).
3013~3003 cm ' ( C—H fH45#z5h ). 1 758~1 765 cm’!
(C=0 M%i¥Esh ). 1224~1204 cm™' (C—O fP4E#i
). 855~852 ecm ' (C—H Zh#REIAHE ). O—H F
C—H [P %5 P sh e (1) 5k BE R B AR Ak, $m B R
i) B RE AT A AR & AR AL, T RE 2 R M S A 25 /K
J1%MEfe . ML T BA-CS-SA ¥, CS-BA-TiO, fif
TE O—H 2541 sl 6 1 78 b b e 80 07 vy i A 1
C—H 25 ¥R zhie22 , TiO, AI g i s ity 4> 1
() S EEVE T, s TR 1 2= kg . C=0 Fil C—O fii
A PRI, TiO, Xf B8 B 3CHRAT Jy R A A7 M 3]
VNERA, IRk, BN T4 RL, BA KSR
MR 2R v . N P RE S T AT A
2.1.4 XRD ##f

XRD 3% (anfl 3b frs ) s, BA &8 A
o, AE R EREARAS WA RL Y R K
PR GE SRR . 7E 21,9600 BT S I DR I B 0
R S5 AR A Y, SR HES BN %
AT e AR A5 N R, LR BE a8 | IR A
BRBE b, B . A T HACC-SA-ACNS i),
1E TiO, M, CS-BA-TiO, (145 & B Fl ki K
/NTTREHE— Y, B EE RN Y, AT SR N
BURL, RhARBREGD, AR R X AR E
SO T A RE R SCBRI  p R B S A AR
EMEMINFETE
2.1.5 SEM 9#7

SEM 53 (4nfE 4 s ) =W, Bl BA S &M
B, AL A T R N R R K AR T I R AR LR .
S 3 TR UK 40 1) 50 i R AT % FE RS T, 6 T 28 75 5
B MZAL, TR L FRMERL, A B T4 5 5 A i Bt
RSB . B NSRS A 5], 2 AR
TR, S ) b ) 4t B R AN 2 1 o AHEE T
CSNR-ATH JiEP% | CS-BA-TiO, JI5 3 [ o fin 44 #isk
S, AT PR AR P AL RS A, ke LR
FLBI Z P ok R ER P, TiO, T I A B T B
TSR, 82 1 435 R A R 0 k4 B 1 67 T 2 0
2.1.6 MEMLEDHT

I8 22 >k DPPH vA I AT S fb 1, 2558 aniEl 5 pr
Ro 1%BA BIPTELLTEN 33.87%, 2%BA RIHLE AL
R 45.04%, 3%BA BIPLEE R 67.69%. FKHKE

&2 BAREXHETEWIEMERERZM

Tab.2 Effect of BA content on physical properties of indicated membranes

BA &/ 50% BELEPE/% k% JEEJE /mm TS/MPa EB/%
1 4.165 0+£0.048 5° 13.85+1.27° 0.058+0.006" 31.7+0.554° 15.6 £5.57°
2 4.183 9 £0.025 7% 29.67+2.71¢ 0.061%0.005" 44.27+6.87° 9.27 +5.03"
3 4.303 9+0.349 3° 23.31+2.01° 0.062+0.001° 43.73+5.35° 6.91 £1.33°
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