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Color and visible spectral absorption characteristics of blueberry anthocyanin solution at pH 1~13
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Table 1 Mechanical properties, moisture content and water vapor permeability of indicator films
Ry 2 Bilm  REREEMP WA EEm  hkEm X0
g-mmem2- b+ Pa”!
CS/CMC 57.35 +1.23" 26.30 + 1.28" 21.64 = 1.02¢ 13.60 + 0.50° 2.06 £0.12°
CS/CMC-3% BA 64.42 +2.21* 22.53 +2.01° 39.22 + 1.40° 16.63 £ 0.75¢ 222 +0.10°
CS/CMC-6% BA 64.48 + 1.96° 26.93 +0.55 36.69 + 3.53 22.60 £ 0.92" 2.85+0.11°
CS/CMC-12% BA 67.93 +2.48° 28.13 £ 1.58 34.85 £2.47" 24.51 +1.31* 3.25+0.25°
CS/CMC-18% BA 65.25 +2.11* 30.60 + 1.25 28.35 + 1.57° 18.93 + 1.10¢ 3.37+0.31°

T« [ S0 EE PR BR /NG P BN R R R AT 22 5 (P < 0.05)
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Fig.2 DSC curves of blueberry anthocyanin powder
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Table 2 Heat enthalpy change and glass transition
temperature of blueberry anthocyanin powder

and composite films

Eiio) T ! WIHALEH T B Z/C
BA 113.89 101.66
CS/CMC 240.31 101.58

CS/CMC-3% BA 219.60 102.75
CS/CMC-6% BA 280.76 103.05
CS/CMC-12% BA 300.99 108.66
CS/CMC-18% BA 307.71 109.91
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Fig.3 FT-IR spectra of film—forming substrate

and indicator films



286 hoE

ol

2022 A:55 2 W)

MR A A 45 4R B 516 T 1 284 em ™' A W i U ) HY
BEY 1015 em™ ATREE T35 &3 L C-H (925 il
P51, i CMC CS/CMC &4 5 1 5% 1% & )
W, OIMATER S CMC 1020 em™ 4b 14 i 45 5 %
A A , IR BT A ZEAR BEAE A T 1594 em™
AbJ&: CMC Y FRAE 85 4 -C=0 M 4 IR sh 5 i Y
£ CS/ICMC-BA # G457 B i # 2 1 589 em™
Ab L ULEHTERY R T gER R EEFEREN T
MEAER, =& T 4 FRIER- 1, CS b
761~1 149 cm™ U B b (1) W ISc 06 AT RE S H T 45 44
1 C-0.C-C.C-0-C M %4z zh L & O-H )2
MRS S A, X EEARAF IR CS/ICMC & A R L
J CS/ICMC-BA # Ge 48 7w B #4545 1R 81, #F 1 637
em™ Ab I I IS0 T UE A B IR IOK 4y, K4y
TEDL AR MA KR AL 5 ,750~950
em™ {5 ] PN WO UG iR A B B 3 L R R BN ) 2F
PEREA Tel s, X RESRAE T R I HE AL R A
T AR IR SIS B 7EF8 7 R S 3% B O R
NEEAT B ™ Az R W TR BB S VA 7 A A Y
e, UL, FT-1R B3 Hr2s 320 BA REAR 47 1
AR EEA h, 5 USRS CS .CMC I AH 2

(a)CS/CMC

(d)CS/ICMC-12% BA

(b)CS/ICMC-3% BA

(e)CS/CMC-18% BA

PE R GF, F6 7 B0 M g 32 22 40 7 (PR e
5 BRI 10 Ak 27 B B R A2 B 52 )

224 WEMARAB BT it SEM B A LLAH
Wt 52 5 B PN 5 4% B 0 1Y) 43 IR A SR 25 R O
o ST R A S E TR 5o B B S I W
R R A U B R BT, A A B 4 TR
A, I 2, W5 3% T H B0OREL R 0k A B AL
B B 4 Ry 5 R A BRI 1000 £ 1) 2% 10U
S5K R AT AL S T B R T E R A 5 R ]
I JURE 2R A2 R 2L U B RS 5 T B) AH 2P AT
AN, FHEETARBINE R AT 1Y CS/ICMC B &
FEE, TN R A6 T 2R 4 i B T R i B Ok
UL R AR B A CSICMC BA B IFAY A 2%
P, R B8 I 3% CS 5 CMC 43 Tl AR 254 5
CS-CMC Z[HJE i T B s A BAE R ), X —4%
Y Liu ML TN B LG -LEHNETRY
ABTE R S5 R —3, nTRERERALT o
M 2 5 CS/ICMC T ¥2 36T 1 4+ i) &0 B
IR T REWEE /7 LB CS .CMC 143 F[h]
U B T A LA BE AR A

50,0um

(¢)CS/ICMC-6%BA

4 ERREFEHEAMAEREE(1000x)

Fig.4 Scanning electron microscope of surface of composite films (1 000x)
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Abstract In this study, blueberry anthocyanin (BA) as the freshness indicator, corn starch (CS) and carboxymethyl cel-
lulose (CMC) were used as film—forming substrates to prepare smart indicator films by casting. The effects of different
mass fraction of anthocyanins on the mechanical properties, moisture content, water vapor transmittance, thermal stabili-
ty, infrared spectrum, surface microstructure and sensitivity of the composite film were analyzed and compared. The re-
sults showed that when the BA mass fraction was 3%, the elongation at break of the indicator film was the highest, the
moisture content and water vapor transmission rate were the lowest, and the sensitivity was the best. When the BA mass
fraction was 18%, the tensile strength was the highest, and the thermal stability was the best. Fourier transform infrared
spectroscopy and scanning electron microscopy showed that the BA had good compatibility with the other two film—forming
substrates and could improve the intermolecular compatibility. The indicator film was used to monitor the freshness of beef
at 25 °C. The total volatile basic nitrogen content was 15.94 mg/100 ¢ after 24 h, indicating the occurrence of beef
spoilage. At the same time, the color of the indicator film changed to light purple, and changed to light blue after 48 h
storage. The research results could provide reference for the development and application of blueberry anthocyanin intelli-
gent indicator films.

Keywords blueberry anthocyanins; indicator film; corn starch; carboxymethyl cellulose; freshness



