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Construction and intelligent monitoring perfor mance of
freshnessindicator packaging films

CHENG Meng, WANG Xiangyou*, CUI Yingjun, GUO Yanli, WANG Juan, ZHANG Rongfei
( College of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255049, Shandong,
China )

Abstract: In order to prolong the shelf life of products and intelligently monitor their quality changes, a
series of freshness indicator packaging films were prepared via casting method using cassava starch
dual-modified by acetylation and phosphorylation as raw material and anthocyanin as color indicator. The
interactive influence of cassava starch type, cassava starch mass concentration, glycerin content and
anthocyanin concentrate content on the physical, mechanical and water vapor barrier properties of
packaging films were analyzed by orthogonal experiments, followed by evaluation on the intelligent color
response characteristics of the optimal film for fish fillets packaging. The results showed that when the
mass concentration of acetylated distarch phosphate was 40 g/L, the glycerol content was 30% (based on
the mass of acetylated distarch phosphate, the same below), and the anthocyanin concentrate content was
30% (based on the mass of acetylated distarch phosphate, the same below), the packaging film (S1 film)
obtained exhibited optimal comprehensive performance, the transparency, hydrophobicity, water vapor
barrier capacity and tensile strength of S1 film was 1.08 mm™, 86.32°, 1.19 x 10"° g/(m:s-Pa) and
14.23 MPa, respectively, in comparison to those of natural cassava starch film. The S1 film displayed pink,
purple and yellow-green in acidic, neutral and alkaline environments, respectively, and was sensitive to the
ammonia gas. The color change of S1 film could indicate the freshness level of fish fillets.
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Preparation process flow chart of acetylated distarch phosphate-based freshness indicator packaging films
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Je. RFEFERFORWIE . HUh S T RS
EE IS RS, R Ly (3%) IEZCSiit
i 5 BT R R R R IR 1 et T 220 IEACSE
By R SOk 1.

F1 PEZEZAKFERLLRE Ly (3*)
Table 1 Orthogonal table of four factors and three levels Loy (34)

FE T A (RETERFA ) B [ RFIEMTRIKE (g/L) ) C CHER/%) D (IEF RIS =/% )
1 1 (CFALRNEETER ) 1(40) 1(25) 1(20)
2 I (EARNEETER ) 2 (50) 2 (30) 2(25)
3 I (EARNEETER ) 3(60) 3(35) 3(30)
4 2 ( LB TEMBERRTE ) 1(40) 2(30) 3(30)
5 2 ( ZEBHE_TER TR ) 2 (50) 3(35) 1(20)
6 2 ( ZEBHE_TERBEIRER ) 3(60) 1(25) 2(25)
7 3 (BERERTER ) 1(40) 3(35) 2(25)
8 3 (BEPRERVER ) 2 (50) 1(25) 3(30)
9 3 (BEFRERVER ) 3(60) 2(30) 1(20)
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NEWIE=A/d (1)
A 4 NEZEIFEAE 600 nm P KAEWEE; 4 MIE
FJEREE, mm,
1.7.4  BMIEE

FH G AN 2 e B e hrss B (TS, MPa)
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35014 50 mm A 1.0 mm/s, %3 (2) A=t (3) 3
AT 7 R B b e R ST

TS=F/A4 (2)
EB/%=(L—Ly)/Ly,x100 (3)
K FORWIREEI R T, Ny 4 J2 005 A & ) D
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25 CTFIMEMZESE, Pao
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R FH R 22 1 SB35 S0 5 0286 o 1 480 i ik
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BN 40 g/L, HIHE &R 25%, EH RIS
N 0. 10%., 20%. 30%. 40% ) 435 B Alk

i e 40 AR E I Zeta HUOL, METEEEN 20 °C.
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BRI R 2 emx3 em Y ST AL JERE 54 IR i
F pH Ry 2~12 MYAS[R) 22 il P 204 S €0 S o
2 min J5 i SRR 9 2 (0 A8 1k

pH=2~12 FRUEZE thif A BC I 40 F : pH=2: 50 mL
() 0.2 mol/L H &R, 44 mL A 0.2 mol/L #hiR
TR, INZEMEKFRBE R 200 mL; pH=3: 50 mL f¥
0.2 mol/L H & MRV, 11.4 mL i 0.2 mol/L FHRIF
W, INZEKF B 200 mL; pH=4: 7.71 mL A9 0.2
mol/L WFR A “ANIA , 12.29 mL (9 0.1 mol/L 7%
RV ; pH=5: 10.30 mL £ 0.2 mol/L iR & —4h¥s
W, 9.7 mL % 0.1 mol/L # R W ; pH=6: 12.63 mL
) 0.2 mol/L MR —#A¥S W, 7.37 mL [ 0.1 mol/L
FrE BRI TR ; pH=7: 16.47 mL A9 0.2 mol/L BEEREA —
IR, 3.53 mL Y 0.1 mol/L ¥ FRIA R ; pH=8:
19.45 mL % 0.2 mol/L B —4MiA W, 0.55 mL 1Y
0.1 mol/L #7#2 ; pH=9: 50 mL ¥ 0.2 mol/L H 4
FRIAV, 8.8 mL %) 0.2 mol/L A &L WA, Inz&is
JKFBEZ 200 mL; pH=10: 50 mL 1 0.2 mol/L H%&
FRVAT, 32 mL Y 0.2 mol/L S EALANIA TR, InzkifK
Fis B2 200 mL; pH=11: 50 mL 1) 0.2 mol/L H&RIF
W, 43 mL [ 0.2 mol/L Z A LM, Iz iRk R
%200 mL; pH=12: 50 mL 1) 0.2 mol/L H &R,
52 mL [ 0.2 mol/L S AN, INZRIBKM R R
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Wt I LA R C K T E R, RIEH
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SRMAEE G, H ST AR Al B ke o MR AR R

AEHT (25+1) °CAR-AF 48 h, WAEI%E 8 h g i F
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TVCY, HE LK 25 g i ¥5 T 255 mL
WM g2 mh (0.3 mmol/L, pH N 7.2) . ¥ I
iR 0.1 mL # BRI 2 U Al T PCA 3537 23K , 37 °C

Fi9F 2 d, iR i v B THERE R L log CFU/g
F/R, CFU/g F/R45 5010 P RE Sl RS 19 178 BB
R TR R — B PO
1.8.3 REIRM

BEMLIERE 10 2452505 A 5L, Hicfd SHI 4RO
AR E VP bR E (3% 2) xR STV TR

2 AU E T bR IE

Table 2 Sensory evaluation criteria of catfish fillets

Tt 8~10 43 6~8 4 4~6 4y 2~4 43 0 4
SN EROGRE. RRER AR, FREY SR 2 R PR RREIRTOE
AR PRRETE A [ JosT Ak REE SR FEpuEdlaslU S FEL TN
i B BB V42 3 ik ik

W WUASEs: . HARE

A Bt A B

WS P TR R M UAR R, s

INAEICE N R L
B a2 et

PR TR 2 1T i ]
(EMSTERS

1.84 #EMBHHAR (TVB-N) &%

i) TVB-N & &S HMEZRE GB 5009.
228—2016 Jl5E .
1.8.5 GEBRE T

it I NR 11045 % €5 B2 7 AR AR B T S A 20 A
B e, BPEE2E (AE) P
1.9 HiEAIE

FrA P T e 3k, A5 B bR iE

fi#= (SD) F/~., K SPSS 22.0 i Duncan f&/%
AN ZSNSEITTYE L, BEEESH p<
0.05 13,

2 HR5ITHR

21 HBFERREROERE
AT R WA B 7T LR 3

3T RIS BT

Table 3 Composition analysis of anthocyanin concentrate

ety YRR S [M;Ig’ ﬁi ﬂiil"ﬂ/ *?j;f/ *Z;E/ﬁ

PR E VG ikl Cyanidin 3,5-diglucoside CyH3 046 612.16 2.66 6938.769+23.841  53.9130.185
REZFR-3-VFMET  Cyanidin 3-galactoside CyiH,,04 450.11 3.89 670.568+10.772 5.210+0.084
e teg % 3. (8 FBE  Cyanidin-3-(sinapoyl)(sinapoyl)- CHeN,O36  1185.00 424 593.481+11.219 4.611+0.087
) (FFFpsL ) -— 4 diglicoside-5-glicoside

FF-5H

KRR Delphinidin CysH,,0; 304.05 471 4090.924+16.021  31.786+0.124
JRAE L E B4 Procyanidin B4 CioH26012 579.15 5.35 7.710+0.318 0.060+0.002
REHER Cyanidin Cy5H,,04 288.06 5.39 7.444+0.521 0.0580.004
JFAE(Z B2 Procyanidin B2 Ci0Ha6015 579.15 5.46 0.7200.053 0.006+0.004
R R Petunidin CH 130, 318.07 5.57 365.524+5.647 2.840+0.044
KO FE Pelargonidin C,5H,,05 272.06 6.02 0.866+0.524 0.007+0.004
PR Malvidin C7H,50; 332.08 6.21 4.278+0.306 0.033+0.002
SETEEN-A Peonidin CH,30y 464.07 6.18 67.232+3.499 0.522+0.027
FT(EEH) Rutin Cy7H30016 611.16 6.78 3.610+0.041 0.028+0.001
ARRRFZE Luteolin C5H 1006 287.06 8.17 37.580+2.314 0.292+0.018
itz 2% Quercetin C5H,00, 303.05 8.19 50.118+2.597 0.389+0.020
SRR Isorhamnetin CiH120; 317.07 8.36 14.548+1.573 0.113+0.012
IS Kaempferol C15H1006 287.06 8.35 16.808+3.112 0.131:0.024

Ve R R A T
Wk 3 PR, FEAET KW AR 16 FiE
TR KPR R E R RAETT RGN £

By, GAEH RS EFERE 53.913% (A
bR Z R FE R, TR, HE HEEER (51
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H R AT 31.786% ). KEHE 3-LIL 0
H ( HIEF RGBSR 5.210% ). KREHE-3-
OF FEERL) OF TEERL)- W -5-B (5 767 Bk
WA E T 4.611%)FHIRE AL AR IE T Xk
W) 2.840%) . HALEY S IEH W46
SR 2% T o EATE RN, £H 2|
BEAL o> TR AR -3-OF FEESL) OF FBESRL)- W
SR I AELEA R T R T R R E I .
22 BEZEXE
22,1 RERBFENOFEPERG A

(] 2 R AN R A 2530 A9 o 218560 2 B A FHL P R
BULIRPE BE DL RO ZE S B BR M RE A e g ([ 8 K2
MR IR IE N 40 g/L, HIM&E &N 25%, HHEEK
AN 20% )o

1 JBBE/(x107" mm) T KAl A/ ()

[ AFE W E/mm! EATS/(x10™! MPa)
p COWVP/[x107" g/(m's'Pa)] CIEB/%

I 1270
49L 3 — 4240
4.2} 54.1 4210
.50 - 1180
351 1 s2|f14040 1150
281
B — — 1120
21} : ool L 10
1.4 r ;i B 60
0.7 1; - 1.45|P0-1 130

KRR AR ZBHL_  EEMAE
M TRERER TEMBEREE M
RETEMFIE
PR ZE AR RIS I JBERE . AN BEAT WVP 3 ANEhR, A AR bRt
MK EEfl Al . TS A1 EB 3 MEdR, Tl
K2 ARETER RN A0 1 B 1 52 il
Fig. 2 Effect of cassava starch types on properties of
packaging films

HE 2 AT, AREFE R R MR A W
FRm ., HABKH R IR AE S, AR A R
BB, M 0.101 mm; Bk —VER R
MLt B P A )R, K 0.145 mm, Horp, SLR PN
TEM IS Tk Ak — 3 493 1l 2 T 6% 1) J2 1 G o 3 2%
5 (p>0.05), M T RIAREE R LA, HAp
3 P RE I A AN % B B B RIS (p<0.05 ), Horr,
it T3 P U 90 11 35 B 8 e e o AU AR TR L 0 1)
FKAEfb /N, h 48.05 °, X AfiE SRR 3E K
PR K. BETRERVE Ry 2 ER X e By 43+ 3 A
FEFR IR, T S BB AR P2 R R T ) i
B KZE R B RRAL, K 1.23x107"° g/(m's-Pa), %
W H K 25 S B BR R B i o 2K S R R R TR R
40 g/L B, T Ab T A0 ol 1% T RO RIS T2 I 06 A
BP0 568 B8 B I8 v T DR R AR 0 oy S R A b 8 T 3
TER L, ISR R A 2 AR T SR VE M AR

T T2 T TR A P DT 25 o1 238 A TR 9K A 5 T A S5 R 1]
TR, X F B TR A v .
A IR A0 U i ST 38 TR 5 T A9 R 18 I 6 o 11
Aoy F B fn, B FREGSS B m, A~
Gy KA IE S . AL U By W R TR 55 0 B 1
PUPLIR LR, X 5 WU 5SS BRI FEVE K 4 (BB
IS HR SR, Hoor 1 8] 3% 4 B B P U0 PR S5 M A
S 2T T R Tl TR R R R T A 5 K
SR R 5 T gy A 2 I 1 T K A AT M RE I 4R
. ST, rLL, Sk VE B R
Tt B 00 2 T D 3 A A S R Jo 4 4
222 CTBAC I B BS B R AT R B AR

R

] 3 S A [m] Mk Ak 0 PR T o e Ik 85 % 4L
SR FRVERE AL RE LA Kok 25 SR PR 1 RE 1Y 52
M ([EE AR EIEM PN OBk ek iR e, 1
&N 25%, EHERRBEWE SN 20% ).

[ JEEBF/(x10™ mm) C kA fA/(°)

C A RE B /mm! LI TS/(x107! MPa)
CIWVP/[x107'° g/(m's'Pa)] [C_1EB/%

i — B — {300
48 L1 3 -
L Ll 1 597631
4.0 b ) 1.5936.31 250
— | 148
32} 3 —| | {200
| (f7ops [ (1901 9.94
__[1BoJ2 96 J
24+ o ko b7 150
.97 -
161 a8 2 1100
.81 17 P38
0.8 %.00 l.4590 B! 89.08 8511 78‘1J9 150
0 0
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Fig. 3  Effect of acetylated distarch phosphate mass
concentration on properties of packaging films
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Fig. 4 Effect of glycerol content on properties of packaging
films
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Fig. 5 Effect of anthocyanin concentrate content on properties
of packaging films
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ky>ki>ks, FF DAV de i WS AKSE Gy, M e
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B LAVEST iR R SR 7KF Dy, 4675 2 MRAR IR B R 7 1t
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Table 4 Orthogonal experimental design and data results

I

2 A8 2 A8 EoE ) SES pr=All
UIER AR i CTREE e s ks L5 o (SR vonkorsn

A B C D
1 1 1 1 100 34.62 94.38 30.77 1.59 93.42 52.61
1 2 2 2 52.94 23.08 93.26 53.85 6.03 90.12 53.27
1 3 3 3 0 0 100 0 0 100 35.00
2 1 2 3 92.16 55.77 8.27 93.08 76.06 24.28 61.19
2 2 3 1 36.27 86.54 0 69.23 55.75 39.09 48.97
2 3 1 2 16.67 75.00 10.65 73.08 100 0 49.75
3 1 3 2 75.49 78.85 17.39 61.54 36.51 45.68 49.16
3 2 1 3 62.75 38.46 32.97 100 55.56 2593 56.86
3 3 2 1 25.49 100 31.19 90.77 69.59 1.47 51.12

K, 140.88 162.96 159.22 152.70

K, 159.91 159.10 165.58 152.18

K; 157.14 135.87 133.13 153.05

ki 46.96 54.32 53.07 50.90

ks 53.30 53.03 55.19 50.73

ks 52.38 45.29 44.38 51.02

R 6.34 9.03 10.82 0.29

H# £k C>B>4>D

FITTH 4:8:C,D;

T & CREE REUIE., KA, K ED R GUREEE TR R XM ARRE I R A, AW R

24 WIEKIWER D

T AT IE A S B T A Rk R B E Ry A
BN IAE T . REWEM I N LB — vk
FRME, Wb —iE R BERRER Bt ik ol 40 g/L, 1
WA R 30% (UL BEIE — T Ry i R R 1) S5 2

e, N, BT RWEAWE RN 30% (LS —
TE R WEIR IR ) o D JE v, R IR o O T Sk A T
AR HURIEREL) K pH SRR, BE
17 7t — PSRt b o S Uk S g f R AR L DL
5 WL REMEREILE 6.

S5 RUESCRAARAC L
Table 5 Ratios of verify test packaging films

JELFF 5 RETERFPE R EEVEN R M B (/L) Hh & =% AT F AT A /%
S1 AL — TE R R e 30 30
S2 L BEAL Z TE R R e 25 30
S3 AL VE R R e 30 30
S4 it 2 i TE oy 30 30
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Table 6 Properties of verify test packaging films
WES REmm AEWE ’Eﬁm gﬁi fﬁ/@ [iﬁf?ffiﬁl [10*‘]?;?;2-Pa)]
S1 0.143+0.003° 1.08+0.02° 86.32+0.54° 14.2320.08" 47.00£2.77° 1.19%0.06" 1.78+0.06"
) 0.137+0.004" 1.10£0.02° 85.41+0.69° 16.01+0.22° 42.14%2.54* 1.23%0.09° 1.9420.09°
S3 0.179+0.006" 1.07+0.04" 85.13+1.21° 15.7420.15 45.29+2 .84 1.17+0.03° 1.65+0.07"
S4 0.122+0.002¢ 1.06+0.03" 78.94+1.66 10.36+0.17° 56.63+2.98" 1.4240.05° 1.98+0.11°
. BRIPBUEF R RS, F—IR RN FRFRR B 2R (p<0.05) .
5T 6 LRAXT LU AL BN R BT L K3 il A or®
ANEWIRE . HUMERE . K28 Rd 38 DL RGE APk
Hide 5 IR 6 T, S1ALSIRAGIR | BIIE ., K o0
Hefihff . KIEUBIR, SRR MR RS S
Bk 0.143 mm, 1.08 mm ', 86.32°, 1.19x 107" ﬁ!
g/(m-s-Pa), 14.23 MPa fl 47.00%, 53 T IE32 3256 ® 15t
MR ERAHR T Z, B S1 A ILr At Re b o —— sl
AL, T R ST RBEFERE R R EFIPLER , U g e U
FE T AR B O #) L1 AT AR E A Zeta JELEE/C

A, 253 LI 6a~e AR 7.

E 6a. b Fias, ST WAL S4 AT
%o M 6c AT, RUSINAET R4 LB —
TEM IR S FE AL AR 3362 cm ' AbH BI—OH AY$r
4R vEs , 2931 1 2878 cm ™' Ab M ip ek JE T | A
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Fig. 6 Microstructure (a, b), FTIR spectra (c) and thermal
stability (d, e) of packaging films
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Table 7 Zeta potential of film-forming solutions

RN Zeta HL{/mV
HFRWAR S5 0 ~17.80£0.20°
AT E WA i 10% ~15.31£0.14°
AETT Z AR 1 20% ~11.70+0.17°
AETT Z AR 7 30% —9.05+0.11¢
BT B VRATR 2 1 40% ~7.19+0.22°

1 BPEUER A A FEEAREZ, F—FIAR /NG TR
ANHA B ENZER (p<0.05), T,

XL (ST 1) BB K2R e 3R
AT T PPN o BRI A BT AR AL ULIET Ta~bo ANTA] Ta
Frs, TERRPEZ W, S1 RERLLE, pH B
R (o BT s TERRPEZE Wi i, ST R M 3R
b N OE SUk E S E S uR T - e S e N T ) S BB
BN, AREREE LR E, BABGR pH 8
Sl I R 2 R 2 R SRR, TR

3 R O AR R R RS R R

AN AR BE I ISR 8. Higk 8 W, R
5 min, FLEEMEAY o F1bT(EE WERR, BRI
XSS R o Bt £ % JIR A 2 S N ] )
m, FARE A S AR, B g, ALY L
PSR TAT Y NH; 20 A7 A T B3R A K 70 1A
HAE A NHL A OH A 7 [mli, Sea rh a2
B @22 (AE) KT 12, UGB EI A5 1k
PIER AT DL VRSN —Fh pH $R7R B, B ALy m]
WP R BB R — D E N R WK 7o P,
HAEEG B G En S1 BEF#RE THEES
MR P IR (B A8 g TR (0, R WIAS S8 T 1 6 1) £ 26
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Fig. 7 Color change of S1 packaging films
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Table 8 Color responses of S1 packaging films after exposure to ammonia gas

i) /min L a b’ AE i
0 85.75+1.35° 6.66+0.49° 5.46£0.73° —
5 67.89+1.24° _42.26£1.12° 11.3320.42° 54.72+0.28° BEy
10 63.36+1.11° 47.48+0.58° 12.45:0.26° 61.26+0.14° E
15 65.83+1.06" 41.54+0.37° 17.36+0.19° 56.93+0.49° |
20 65.68+1.54° -36.96+0.34¢ 20.18+0.34° 54.43+0.37° .
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Fig. 9 Structural change of anthocyanins for color response
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