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Preparation and Performance of pH Responsive Indicator
Films Based on Two Pigments

HUANG Shaoyun™®*, RUAN Shixin®

(a. College of New Energy, b. Research Center of Functional Printing and
Packaging Materials and Technology, Jingchu University of Technology, Hubei Jingmen 448000, China)

ABSTRACT: Pigment is an important component of pH-responsive indicator films, and its properties are related to the
response performance of intelligent indicator films. The work aims to investigate the influence of different pigments on
the performance of intelligent indicator films. With Arnebia euchroma roots extract (AERE) and Anthocyanins (ATH)
pigments as pH indicators, agarose (AG) as a film-forming matrix, and glycerol as a plasticizer, AG-AERE and AG-ATH
pH-responsive indicator films were prepared by the casting method. The microstructure of the indicator films was
characterized by FT-IR and SEM, and their mechanical properties, water solubility, water swelling, and water vapor
permeability were measured. The pH-responsive properties, color stability, and dye migration of the two system films
were also evaluated. Through experiments, it was discovered that the color stability of the AG-AERE indicator film
was better than that of the AG-ATH indicator film under the four experimental conditions, and the AG-ATH indicator film
had a larger color change in different pH ranges than the AG-AERE indicator film. The AG-ATH indicator film is more
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sensitive to pH changes and is more suitable as a pH-responsive freshness indicator. The dye migration of the AG-AERE

indicator film is lower in water and acidic food simulant solutions, while the AG-ATH indicator film has almost no dye

migration in oil-based food simulant solutions. Therefore, the AG-ATH indicator film was more suitable for indicating the

freshness of oil-based foods.

KEY WORDS: pH-responsive indicator film; Anthocyanins extract; Arnebia euchroma roots extract; intelligent packaging
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JERA 37 CCHUAA T8 24 h, 48 I HD ] 45 548 75
AG-AERE-1/2/3. AG-ATH-1/2/3 /3 5ICEFRH L
V'~6" o ZR B A5 BT8R, b AG-AERE-x



- 62 - 1 %% T %

2024 49 A

x1 BERERES

Tab.1 Formulation of pigment diluent

AW A BESIB kg R TR/

55

/UL RE/uL mL (mg-mL™")
1" 353 — 10 0.044
2" 706 — 10 0.089
3* 1059 — 10 0.134
4* — 300 10 0.044
5% — 600 10 0.089
6" — 900 10 0.134
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Ak g ey, AG-AERE 1K & 3875 ETF 46 9 /b &
REM @R TR, (HE BRI R Z IR, 26
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Fig.1 FT-IR spectra of blank film and indicator film
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AG-AERE-1

AG-ATH-1
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AG-AERE-3 . .

K2 =2 HBEAE R R SEM K
Fig.2 SEM images of blank film and indicator film
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25 A AR 7 S 10 T B % g 2 M e S B0 i 25
AR 2 Frs o 2 PR R 48 7R B SR ARG 25 1 i 3
B — AR RGN, 205 T T R AR, R ek
WA WEZESR (P>0.05), stHfseE (T,) s,
MO EFEWEARET 0.089 mg/mL I, FE/RER
T BB G, B 2 Al R A Y BE B R T
BRBE SR (P<0.05), XM NEEST 528
22 V) ) e ol A5 LR i AT i 50,
[l AERE 5 FAR B B RIPE St — A R b8 /R i T 2%
PEBEFRTH; (0 3 R R B ARSI & 0.134 mg/mL
F, AG-AERE & ZR$E/RBEHAFERE TR (P<
0.05), XJ&HNZ R EER KA RESWEIRE R
HIOWEEH, X5 SEM 455 —32, 1 AG-ATH & &
FeoR BB SRBE AT I AG-ATH-2 K774 3 oz
(P>0.05), FRPEMIR (Y, ) EZRAEBR S,
M 2 PEURETT L, AG-AERE K &38R IE Y,
I 21, 3% I e I 18 0 S KR WS R R, 1T AG-ATH
PR ZR RSB Y M i €2 3R Jo 152 R B 384 I 44 K, X AT
e R (2 58 40 F 2 ) Y St 4 & S B8Okt
PIIEAERE SR THITE . Wi K R (B, ) JE WLt
TRIEZEIVERE4E . AG-AERE KR35 /R E, BiE

R EIREARM TREMARERE F LR
(P>0.05), MxEFiak LT 0.134 mg/mL K,
WH B, BT (P<0.05), Xi&i F IS =
Ik A €0 2R o TR B FROUR 2 ) o S S T o R A P
FEAIC o AG-ATH 14 Z2 45 7% JI 114 W7 24 - 3R i (0 28 o it
W R R A B (P>0.05), BEILEH 2 EE W
I 52 i 5 ol 5 ) 2 4

2.3 ETEERKEME. B, kERSEI T

FRBERAREYE (W), IEIKER (S), KFERE
dH (P ) MERLEHANFER 3 iR KIS I iy
HREXGT 7K BRI 1) 2 AR AR, BA I K il 1 X AR
B A% 1N FH R b 2 IS ) R e M R A 3
R AT DAE 2 FMAR R IR R A 2 FBEEL W
FKIH 2 PRI ARk S, Rl AG-AERE {K & 457~
JIES R W i 0 28 I o e B BG i S REE, TT AG-ATH 14
RIE/RIER W, BRI T & . X JEm AR K
BT UER, EHEARETHATRREOR,
DK, BRI, R RT A
BT B MR R R TR AR, Kb
e, M R TR, 15 B nl i
B 7 H g, TR T A W, R 2 AT
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Tab.2 Thickness and mechanical properties of 2 indicator films

FE JE R d/um B T/MPa PR E Y, /MPa Wr 2L % Ey/%

AG-0 39.92+0.38¢ 20.31+0.67¢ 629.21+30.16° 19.25+1.19°
AG-AERE-1 40.58+0.38" 23.20+0.83° 663.90+15.32%° 18.83+1.00%
AG-AERE-2 41.23+0.25% 25.65+0.65° 685.81+7.19° 18.16+0.91°%
AG-AERE-3 41.67+0.29° 21.24+0.89° 681.69+12.47° 16.54+0.57°
AG-ATH-1 40.19+0.23°%¢ 22.25+1.59 641.5013.09% 18.95+0.68%
AG-ATH-2 40.49+0.26°¢ 24.57+1.13%® 652.17+12.78%¢ 17.99+0.62%
AG-ATH-3 40.64+0.46 24.44+1.63% 663.334+22.12%¢ 18.45+0.42°

e BPEBIEER T EARMEZE (n=5); [FFEWE R LA AR F R RAMA BE 2R (P<0.05), LA HRZFEEFRR 40
ThREXES (P>0.05),
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Tab.3 Water solubility, swelling rate, and water vapor permeability of 2 indicator films

e IKIEE Wy/% KR S/% K#ESBLH P/ (10" gs'm""Pa’!)
AG-0 17.54+0.50% 311.80+4.80° 0.560 6+0.011 6

AG-AERE-1 16.81£0.36% 292.05+5.50¢ 0.540 7+0.007 9¢

AG-AERE-2 15.53+0.71% 273.24+6.83¢ 0.575 5+0.010 3%

AG-AERE-3 14.76+0.40° 261.51+4.77° 0.626 6+0.011 1°

AG-ATH-1 19.81+0.78% 323.54+3.69* 0.509 5+0.002 9°

AG-ATH-2 22.03+1.80° 329.89+4.08% 0.559 4+0.014 1%

AG-ATH-3 25.46+0.95° 344.01+3.69° 0.573 6+0.003 7%

T R iR 0 P EAREZE (n=3); FIZIEREE _EAR A R 7R 4 A B#F 25 (P<0.05), AR AR 7 8275 41 1H]

TR FEZES (P>0.05),

Vs Mk R AR R ) — A AR b, W IR PEREAS L
ST 4 7N BB A R K 1 3 s X4 % BB 1 A 6 1
B—E M R 3 BRI, 2 AMA RGN
FEZK 8 2 RFTE 9975 Ak 23 S22 R il 1k — B0 A8
fbitats, AG-AERE R R F5/R Y S B R o i Ik 3 1
T 2 R (P<0.05), 1fii AG-ATH K & 45/~ )
S MR Ehnm e 7w (P<0.05). 5t AG-AERE
RRMT, EEROENIMALSYEZHE R EMEE,
JRA B —2% H,0 2 THISEA S S G IE, XS
IREREK FIBEAL, FBOL S TR 1hixt AG-ATH
KZ, W EARGEK, BRI DL St
SORBE TGN T HO0 S Paahis, 212
PEFE 7R IR B 2 1K 43, (A R K Jy e .

IKFES BT R Py, UM T — 52 Bsf 18] P 25 1 Bz T
TR R K 28 S i, /K ZE A 1 R B A FH8 R
g 1o A €8, PR SA PR AR ) B T A R
H,0 7 T2 5, NGERTLIEH, S0 Z Rk
4 0.044 mg/mL B}, AG-AERE & RZFE/RIEHY Py, 2
ORI, 17 AG-ATH R RIE/RIEA P, FREEE (P<
0.05 ). X2 T (0 2 TR NG 45 B B W 3 I 22 ) 4
TG R B R T 0 B E 458, i3 H0 41
T ARG RIAERSP) ) Bl R IR, 2 Ak
RIGRIE Py, B K, X EEIHHN T 0 R BELES
TN R T 7= A T — e S 2 L) A5 O B T S,
RIRIRAR L, 1578 B AOUL S5 A4 L Ay dofe g ik B g8
H,0 43138 13 o 4% F4) Bl g A 0 78 5 1241

2.4 $ERFER pH MRz, BREBIREMEFMER
T EEE

I I bR IR B 22 57 2> CIE R T2 E", 2
AEEZ E 2 AEERT 6 iF, AHRBEA R X 4),
DL EAE Ay 48 7 IS B €0, 58 A48 IXR] 9 1 1B o F8 7 B AE AN
[F] pH 2z pfigs W i it Js L 2 Ak n &l 3 B, 43
Mreg T LA, AG-AERE-1 $8/REAULE pH H 9.0
FhmE 10.0 B AEEH N 637, HEH/NTF 6;
AG-AERE-2 il AG-AERE-3 $§/R A 2 P El A 2848 [X
/&), 23514 pH 7E 8.0~9.0 1 9.0~10.0, £ pH X [d]

2 P RIEE EASE AE ¥R T 6, HAZFEK
FEW ) AG-AERE-3 5/R BB MU 5o B i, X0
PR 38 78 IR TR 2 s O h R % Yk OH i
O F TR R (s B AR S A AR i B 2,
Xt AG-ATH R ZRFERIEmN S, HERMEZAHifs%
AFK[E], W AG-ATH-1 #8/RIE7E pH 7E 3.0~4.0.
4.0~5.0, 5.0~6.0. 6.0~7.0, 7.0~8.0. 9.0~10.0
11.0~12.0 DX [u] H: 5 (0,25 {8 AE YK T 6,AG-ATH-2
Ml AG-ATH-3 X 2 2148 7~ B 04 B £0 58 78 X ] Al
AG-ATH-1 M[Fl, #E—253#71535], AG-ATH kR FR1g
7 e LB 0, 5 78 X ] i AE {9 5 K T AG-AERE
R RGN, XA AG-AERE A%, AG-ATH
PR R 38 7R X pH A8 AL B M AEURK

RIREOE G 2. R AN HEZE N,
T T 8 7% S A B3 € R P 7 A R o 6 R AN [
TRV RE PR T A B R PRI S R an 1 4 o, A
K4 TLIE B, 7E 4 FRIRE 44 N AG-AERE K&
FE RO AR S (% ) HIMKTF AG-ATH 1A &
FERIE, XU AG-AERE & & 48R I 7E — R EE
i o e MR T AG-ATH (K &35 % B . Xt F
AG-AERE 1K % , AG-AERE-1 48 /5% i () 5 € A0 %o 25 4k,
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Fig.3 Images and color change values (AE) of 2 indicator films in different pH buffer solutions
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Fig.5 Dye migration of 2 indicator films in different food simulants
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