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Preparation of Indicator Films Based on Sodium Carboxymethyl Cellulose/Starch and Purple Sweet Potato

Anthocyanins for Monitoring Fish Freshness

JIANG Guangyang', HOU Xiaoyan', REN Wen', WU Hejun', LI Shanshan', SHEN Guanghui',
CHEN Anjun', WANG Zhangying’, ZHANG Zhiging"*
(1. College of Food Science, Sichuan Agricultural University, Ya’an 625014, China;
2. Crops Research Institute, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China)

Abstract: Indicator films were prepared through using starch (S) and sodium carboxymethyl cellulose (CMC-Na) as the film
forming material and purple sweet potato anthocyanins (PA) as the indicator. The effects of S/CMC-Na ratio, anthocyanin
concentration and glycerol concentration on the tensile strength (TS), elongation at break (EAB), water solubility and color
(a value) of films were investigated. Using the comprehensive score of indicator film performance was as the response value,
the process parameters were optimized by the response surface methodology, and the optimal indicator film was characterized.
The results demonstrated that the optimum formulation of indicator films was determined as follows: starch/CMC-Na ratio 6:4,
anthocyanin concentration 0.5%, and glycerol concentration 0.6%. The overall score of the indicator film prepared using the
optimized formulation were the highest, up to 63.8, and it showed tensile strength of (21.48 + 0.12) MPa, elongation at break of
(28.88 + 0.08)%, water solubility of (19.24 & 0.21)%, and a value of 4.95 + 0.02. The results of Fourier-transform infrared (FT-IR)
spectroscopy, X-ray-differentiation (XRD) and scanning electron microscopy (SEM) indicated that the cross section of the SCA
film was smooth and showed a good compatibility among the ingredients. Furthermore, the indicator film was used to monitor the
freshness of grass carp. When the total volatile basic nitrogen (TVB-N) value, pH and total viable count reached 21.55 mg/100 g,
7.58 and 7.3 (1g(CFU/g)), respectively, the indicator film changed from red to blue-violet. These research results provide a basis for
the application of indicator films for food shelf life evaluation.
Keywords: indicator film; potato starch; carboxymethyl cellulose; purple sweet potato anthocyanins; properties optimization;
structure characterization
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Table1 Factors and levels used in single factor experiments
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Table3 Experimental data used in principal component analysis
s TS/MPa EAB/% IKIENE % afti
1 11.6+0.5 42.124+0.8 20.2£0.39 3.75£0.08
2 20.284+0.34 24.43+0.15 18.54+0.75 5.3740.17
3 30.814+1.46 47.534£0.29 22.5440.08 3.814+0.05
4 3.67£0.38 71.57£0.81 19.69£0.14 4.11+0.11
5 10.794£0.41 62.1+1.84 18.96+0.16 3.1940.2
6 28.84+0.45 9.1540.07 22.1740.12 4.4340.1
7 13.07£0.50 57.85+1.69 21.054+0.32 4.3940.09
8 23.9£0.53 19.3+1.15 20.79+0.2 5.45+0.03
9 28.561+0.26 14.71£0.17 22.6940.06 4.351£0.04
4 OHERRSRFAEER TR

Table4 Eigenvalues and cumulative variance contribution rates
L%y RHEE DI ETRE % BT E TR %
Z, 2.479 61.980 61.980

Z, 1.131 28.270 90.250

Zy 0.264 6.611 96.861

Z, 0.126 3.139 100.000

e SCRHURFIE R T TR 3 B 8 7

£S5 HAR2AERSWRIERE
Table5 Eigenvectors of the first two principal components

L% TS EAB IR afti
Z 0.934 —0.908 0.69 0.552
VA 0.209 0.237 0.652 —0.778

2,13 ma R RIS AR AL ) BE A

e R R Al b, R DR e - R A
ERPIIELL (X))  BERFRES I (X)) M
MRS (X)) BEAT3R R 3KE B SRS, 2R
g (S il . I EE KWL f~, i Design-
Expert 3 {4 0530 Ho g A7 A&, ARI7Ra R
S§=61.02+3.85X,—2.46X,—2.51.X,+2.44X X, +0.92X X, —
6.28X,X,+3.61X—7.35X2—11.6X:,

6 mpimRBB R R

Table 6 Experimental design and results for response surface analysis
Ry Xl?%%oﬁﬁgmﬁ X;%f% (A ‘XQEHH‘{ S
LHYER PR L B iR
1 1 0 1 45.87
2 0 —1 1 49.16
3 1 0 —1 53.01
4 —1 1 0 62.09
5 —1 —1 0 60.67
6 1 —1 0 57.35
7 —1 0 —1 58.35
8 0 0 0 61.85
9 0 0 0 60.20
10 0 0 0 60.27
11 0 0 0 61.46
12 —1 0 1 54.89
13 0 0 0 61.32
14 0 1 1 30.21
15 1 1 0 49.01
16 0 —1 —1 41.35
17 0 1 —1 47.53
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Table7  Analysis of variance (ANOVA) of regression model

VR H HE FiH Pf
T 9 137.52 <0.000 1%*
Xﬂj@f&%’;&%g&ﬁ%g ! 115.73 <0.000 1%*
BB RIS 1 47.42 0.000 2%
Xy H b i 4 1 49.46 0.000 2%
XX, 1 23.30 0.001 9%
XX, 1 331 0.111 6
XX, 1 154.48 <0.000 1%*
X 1 53.80 0.000 2%
X2 1 222.80 <0.000 1%*
X; 1 554.74 <0.000 1%**
Bk 7% 7 2.99
AT 3 0.1589
aiR % 4
syl 16
R’=0.9944  Ry;=0.987 1
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Fig.2  FT-IR spectra of film-forming materials and films
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Fig.3  XRD spectra of film-forming materials and films
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