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Preparation of indicator films based on carboxymethyl-cellulose /starch and purple sweet
potato anthocyanins for monitoring fish freshness
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Abstract: Indicator films were prepared through using starch (S) and carboxymethyl cellulose (CMC) as film

forming material, purple sweet potato anthocyanins (PA) were used as the indicator. The effects of S and CMC ratio,
anthocyanin concentration and glycerol concentration on the physical properties such as tensile strength (TS),
elongation at break (EAB), water soluble (WS) and color (a) had been investigated. The comprehensive score of
indicator film performance is used as the response value, the process parameters were optimized by the response
surface method, and the optimal indicator film was characterized. The results demonstrated that the optimum formula
of indicator films were starch and CMC ratio of 6:4, anthocyanin concentration of 0.5%, glycerol concentration of
0.6%. The score of indicator films were the best overall as high as 63.8 under these optimal conditions, and the
properties of indicator films showed tensile strength of (21.48+0.12) MPa, elongation at break of (28.88+0.08)%,
water solublity of (19.24+0.21)%, color of (4.95+0.02). Results of FT-IR, XRD and SEM indicated that the cross
section of the SCA film was smooth and good compatibility of the ingredients. Furthermore, the indicator film was

used to monitor the freshness of the grass carp. The total volatile basic nitrogen (TVB-N) value, pH and the total
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viable count reached at 21.55 mg/100g, 7.58, 7.3 Ig CFU/g, respectively. And simultancously the indicator film
changed from red to blue-violet. The research results can provide reference for the use of indicator films for food
shelf life judgment applications.

Key words: indicator film; potato starch; carboxymethyl cellulose; purple sweet potato anthocyanins; properties
optimization; structure characterization
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ZEA RN RERLBAIRAF]; D8 XRD T4 #[E Bruker 24 ]
1.3 SER T
L3 RERFR (PA) KR

KRR, MR . BB B 40% L BEVE N SREGR], R ERRR L 1:10 g/mL, 7E
60°C /KIBHHE 3 h, JEIRAE 50°C B HEARM BIEH RIRAL, HTREEZLT R (PA) 1,
1.3.2 MR PELTERY (SC) AEFRIEFB (SCA) Hikl%&

¥ 6 g LR EIEMAT 100 mL Z& 13K, 95°C HEEEHItk 15 min J5 & H; B 1.2 g CMC % 100
mL ZMK P IRE L BNR G WAA, JHRUINE R (ww), EREEETR
¥ (wiw), BIFUG, BRERES-BAEREEE, BN BRI PUSERT, 45°C BAR TR
fiEo PR S BT AR EE(551) % I (25+1) °C BRI IRAT Th P 48 h J5 5= EAERE -
1.3.3 SCA BRI &AL

¥ 132 Ml & T2, WHDDREEHR SR TISERWR R, KRBT R RIRE.
bR R | PR T R R, AR RS EE 3 RECFE.
1.3.3.1 R R it

# 1 BHERRERATR

Table 1 Factors and levels of single factor experiment

K ek | CMC L BEAT R FERE (%, wiw) HMPRIKEE (%, ww)
1 4:6 0.2 0.5
2 5:5 0.3 0.6
3 6:4 04 0.7
4 73 0.5 0.8
5 8:2 0.6 0.9

1.3.3.2 W J8 1 356 15 T

PR R R AE Rl b, B =R =ACPI RN, s DR E e 5R IR 4 E
iR REATREWRE . WP ER A IR R, DRI (TS) | W dd
K& (EAB)  /K¥EME (WS) | Bt (aff) MIPERELES VPRI A AT IS, R 5KF 0

2.
& 2 WRIEAMTE R TR
Table 2 Factors and levels of response surface analysis
KF LR
TRE e : CMC gL KENF R EREL %, wiw) H R (%, wiw)
-1 6:4 0.3 0.5
0 7:3 0.4 0.6
1 8:2 0.5 0.7

1.3.4 SCA FR/RHI 1 B8 R S RAE
1.3.4.1 SCA fa/R B Fa 5l &
(1) JI5# YRR E
Z 8 GB/T 1040.3-2006 5 )5 BEGEAT I E D), FFid A 40l g SCA B HihisiEE (tensile
strength, TS) FAWTZLHH 2 (elongation at break, EAB), F##E B4 80 mmx15 mm [ %, HI4h
FEES N 50 mm, J#FEJY 50 mm/min. FEAFRRBEINA 10 ASFATFES, TS, EAB $Z A0 T
T
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(2) JK¥EME (WS e

ZHRAR/ NI A JTVEN, 44 SCA BENAE 105°C A Pt = 1EE W, (g) SRJFIRIBAE 50 mL 718
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fii: M1, %2, BRI BIRERE DN EFRHIRE .
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(2) FHEB BT
S AT SCA R BRI 45 M I 40, K 2X2 om SCA BUARE, M5, FIFW
BN SCA BLRZLNT S, ML 7kV.
(3) X SHEATH
F X SHERATHHACINIAS SCA 8RR X S ZRATH IS, I H5E 2 6°/min, FHF5TER 0°~55°012,
1.3.5 SCA 8RB R
¥ BRI ATIR 10 g/HOF LRI, K SCA FR/RE R /INA 4x4 em (I/NRIETE 2678
W bR FR I, R OREEIE 3R 8 T 25°C EIRIEIR A, JFRYE GB5009.228—
2016 CE AR IEEREEEAINE) WE AR RIEEEE R (TVB-N) 3 4 GB4789.2—
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Fig. 1 Effect of film-forming material on properties of indicator films (a. ratio of starch to CMC, b. the addition of
anthocyanin , c. addition of glycerol)
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(IR I R T B AT CMC $8 7R B TR RS, & 2 [T T AR BRI AU E R /), TR LA
6: 4 WHE/RIE WS KIEESG N, T CMC B4 18 & A KER)SEKEHR—OH fi—COOH, 7
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giin Bk, FRRBSRIEA BOE B, IMNIUAETE R A 5 B R0, L8 BT ek
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RIEAW LA, MIEEABE, TS AWA =R, (HEFERMNE, BT RAHEYEE KR
EYVEENIZE), [FIR SRR IERC, EAB B FFIK, A45H 5 Huang S ABFSE R —805. 16#H
RIREIREAW T, FER I WS Je M 20.2%FF 2 18.54% FHZHT 1, WS PR AT §E /2
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G ¥ AR S ESrFIRE I S, TG 7o FRERIR AN, (R I, AR AR
T H IR SR K PR K 5 R B FE SRR IR BB RE I v, Ko F AU S R AWk B E
ETEAET RS H > F 200, 2 FHERFEER K, IR TS W55, EAB 1R,
() WS B4k RILH EFFRGES, H ISR K M S BCR A EE R 1411 7 FAS, 30 A s, 18
K SRR Gy ARAE K R, AT 32 P s S (A 7K T PR N 230 . 8 P 6t R SOt o 4 P D 42
B, BEEVA K TR, B T A R R, ARSI R, a AW, R A
R BENITESS R R AL, SEERRIE SR BE BIMIbRE g, BN K, EEFRZT
Peb, B BRI . 5 B AT H M R E N 0.6% 0 Rl BE ) B ARG LL IR
2.1.2 IR RRER B VR4 AT

N TR E YRR AR A FR ORI, ARBE AR SR RO T SRR B LR A VP i A A e
ANIEPERE MR EVT S o B JeHiE T s I P REAR R IR, MR 32350 T BE LI IR 9 A (R
3) BATERS T, BRI TS, EAB. WS, a {HIE NI R, ML . TTlkR K
FRAE A R L2 4 R 50 pMralin, SB— (2.479) A= (1131 EWRSMIFEEL L1, %
B (Z) W7 Z RN 61.98%, B Fm (Z) W7 ZTHREN 28.27%, Rit 7 ETTIRE N
90.25%, KT 85%, FHIRTFH R REE St AR bR (5 B0, ARHER 5 45 By DU E 3 ik
5 & Febr 2 S 2 2,=0.934X,-0.908X,+0.69X:+0.552X,,  Z,=0.209X,+0.237X,+0.652.X-
0.778X,, &% MO AL . 77 Z 5Tk LUSRHE R & o SRAFHR AR 4 b5
(TS. EAB. WS. aff) &H—EHRREI BN 0.36. 025, 0.38. 0.01, 4iGAxK
(4) ~ (6) BEFRRIENEREZEE VRS S=0.36P+0.25P,+0.38P5+0.01P;.

#3 ERSNTRKHEE

Table 3 Test data of contribution rate by principal component analysis

Re PLRREE (TS) Wi (EAB) IKIEHE(WS) a
1 11.6£0.5 42.1240.8 20.2+0.39 3.75+0.08
2 20.28+0.34 24.43+0.15 18.54+0.75 5.37+0.17
3 30.81+1.46 47.53+0.29 22.54+0.08 3.81£0.05
4 3.67+0.38 71.57+0.81 19.69+0.14 4.1120.11
5 10.79+0.41 62.1+1.84 18.96=0.16 3.1940.2
6 28.840.45 9.15+0.07 22.17£0.12 4.43£0.1
7 13.07+0.50 57.85+1.69 21.05+0.32 4.39+0.09
8 23.940.53 19.3+1.15 20.79+0.2 5.45+0.03
9 28.56:0.26 14.71£0.17 22.69+0.06 4.35+0.04

K 4 MSRBARMEER TR E

Table 4 Eigenvalues and cumulative variance contribution rates of the related components

By FEIEME J7 E TR % R J7 Z IR %
Z 2.479 61.980 61.980
7, 1131 28.270 90.250
Zy 0.264 6.611 96.861
Z4 0.126 3.139 100.000

e AVREURFAER>1 193 B B .
K 5 MR ERAS R R
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Table 5 Eigenvectors of the first two principal components

D% TS EAB WS a
Z, 0.934 -0.908 0.69 0.552
7> 0.209 0.237 0.652 -0.778

2.1.3 ma BRI AL K 1B R HL&

FEARHZRGIER b, EFDREERS CMC REH (X)), KHERRERE% (X) AH
WRERE (X)) #HAT =R R =ACPRm MRS, 8674 (S) AMNE. 5G4 Rk 6 Fix,
{# F Design-Expert #A 50 E s AT BRI G, BRI : S=61.02+3.85X,-2.46X,-
2.51X5+2.44X, X,+0.92X,X3-6. 28 X, X5+3.61.X,2-7.35X,2-11 .6 X

F 6 WSIERI BT KRR

Table 6 Design and results of response surface experiment

RIS X, BRE k5 Xo A7 2RI L % Xs H il R = /% iAoy
CMC Jfife Ll
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 60.2
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 4135
17 0 1 1 47.53

AT 2SR GR D bl BE B P<0.0001, UiBHBR 72 el R4
P=0.1589>0.05, FMIRAUAEE, AXI0BAL ) PE K2 R A R2=0.9944 2 B BLAL [ 5000 45 HL 15 5
PRIEAOL & R, DR i i Y R O AR A S Wi SEAB 27 5 43 S BEAT 20 BT AT o [l )3 077 2 % T 5 1k 3%
B, AR —UOR X, X, X BUSENABIA BN R KT (P<0.01), [FRIE RGN R, 22 .0
Xi Xoy Xo X WA R E K, X, X AN, S BT Al AR L5 A VP2 00 23 DO 4K UG -
X>Xo>X50

7 BRI T ES T
Table.7 ANOVA of regression model

eV Df F{H p BN
kit 9 137.52 <0.0001 **
X, 1 115.73 <0.0001 ok
X, 1 47.42 0.0002 ok
X3 1 49.46 0.0002 ok
XX, 1 23.30 0.0019 ok
X Xs 1 3.31 0.1116
X,Xs 1 154.48 <0.0001 ok
X2 1 53.80 0.0002 ok
X2 1 222.80 <0.0001 ok
X3? 1 554.74 <0.0001 ok
E 7 2.99

AT 3 0.1589




I il : =lEhit =2 Sy

AR 4
syl 16
R2=0.9944 R2Adj=0.9871

e FRFRIR P<0.01, MIDEHENREE: #3008 P<0.05 MR

ff F Design-Expert 73HT R /RIERAE T Z 54408 SR Z k5 CMC i &t 60.85:39.15,
HH R RIRSE 0.47%, HMBEIKRE 0.59%, WA RIHRIEILEA130 R 64.26. T Kkl
R E AN FE SR B L, KRR T 2B BCA R I 60:40, 167 F R RIREN 0.5%, H iR
N 0.6%, FESFAT T AT R =K, FHZRE 0N 63.8, BLIF X R TS 04 21.48+0.12
MPa, EAB 4 28.88+0.08%, WS A 19.24£0.21%, a } 4.95+0.02. AT WLEEEVE 5 (156 UF 56 E
SRR TONME LA, AR TIE ) 99.28%, 3R BH T4 AR .
2.2 SCA JEIZRAE
2.2.1 SCA JE i B A2 e 2L 40l s 43 #r

SCA . . b
1637

" 1 " 1 " 1 " 1 " 1 " "
3500 3000 2500 2000 1500 1000
Wavenumber/cm 10 20 30 40 0

WD= 85mm Mag= 100KX Time :19:23:08

| i : i
10um EHT= 700KV Signal A= SE2 Data § Dec 2018 ﬁ 10pm EHT= 700KV Signal A= SE2 Date 22 Nov 2018 ﬁ

WD = 75mm Mag= 100K X

B2 HRIRRE (a. EMREAFT-IRERED. FRAEKXRD Ee. BRI RSEED

Fig.2 Characterization of the indicator film (a. FT-IR spectra of materials and films. b. XRD spectra of materials and films c.

Scanning electron micrographs of the cross sections of the films)

B 2a AR E ERL AR R IR ZD AN ISR, Ho, 3318em ! [T N-OH #8 H 4R IR BRI IE, X
S5rEERE (CMC, S, PA) HEFFEEIZRAEL R, FNTE 2931 cm! 12922 cm! HHAH
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S IRRFAE VG R JEUR) R -CH, FI-CH R 4EdR BT P2 2R 200, #EJFURE PA 1628 eme! AR SRR IS AT 1524
em ! ALMHRHIEVEIAN T C = C AR iR =4, HET PA BT &ERLEWE R, ik,
1256 co! 45 A2 B SRR B, 1048cme! Ab B IS IR T F5 3R C-HL T AR, FE3E
Y ERHG G+ 1161 em! AT 1078 em! ATAE/E C-O. C-C. O-H. C-O-C FySLFEIME A=A 7 4R
B, X LCRFIEIELE SC AN SCA FR/R IR A RIS . SC R I (R K 1646 em! 2
1637 cm’!, XA[RER AT )5 5ERLZ R P= A AR, TR T Bt o Ve 17 A e
SRR, R R AE SR, AR PA ARGFIIRN T BB

2.2.2 SCA B X S RATH 7 #r

B 2b TN, ERITE 17.0°4 BAARBEIATHIE, 75 15.0°0 19.6°. 22.1°, 24.0°4b B A —LLigig,
JiAh, AE S.S5CAL MBI S IRHEVE . X TR S, 8%, BT RER SRR, XRD G EAE
=PRI, A RUERRAE 15°M1 23° M A WLR IOATSSIE, 7R 17980 18° b A R HEHI W ;B ek
TEZ) 17.0°40 7= E B B AT S0, 7EZ) 5.6°4b 7 A RFEVE,  [RIRFEZ) 15.0°, 20.0°, 22.0°F0 24°4k™
AN C B A BURI B BUFITR G, A RRORTER MRS 2K (B) e k. B
CMC RFAEWEITTE 20.1° BT ¥ 5E 06, VB T HARFA I SR A . 7E SC b AR R ILVE R Rl CMC 1)
REEWE, RTEM 5 CMC IR A BOREAT, R 3 45 5 X2 IR HE R . InAE S R 5
SCA fR/ B e SR AR, FIRIA T PA ST Al CMC (e dE 2 [ s Uk o @ i 1t 43
FUE o 2 0 BRI TAER, 78L& B JRA SRR, At e 1R 2k ag
2.2.3 SCA JEf] SEM 73 #

Pl 2c i3 4 LT LA BT SC AT SCA 7 I REATE A I, 19 I 1 30 T A3 4 DX 1
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Fig. 3 Quality and film color changes during storage of fish
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