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Prepar ation and properties of degradable pH-responsive
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China )

Abstract: Color-indicating packaging films were prepared by casting method using acetylated diastarch
phosphate (ADSP) and polyvinyl alcohol (PVA) as film substrate and anthocyanins extracted from purple
kale as indicator, and characterized by SEM, FTIR and XRD. Based on the physical properties, such as
thickness, opacity, water absorption and oxygen permeability, tensile strength and elongation at break, pH
indication, volatile ammonia response and soil degradation tests, the effects of V(PVA solution) : V(ADSP
solution) on the microstructure, physical parameters, optical and mechanical properties, pH sensitivity,
volatile ammonia sensitivity and biological indirectness of the prepared indicator packaging films were
analyzed. The results showed that hydrogen bonds formed between PVA and ADSP significantly enhanced
the dense structure of the indicator packaging film, and the indicator packaging film prepared from V(PVA
solution) : (ADSP solution)=5 : 5 displayed the best overall properties, with an opacity of 0.112 mm ', a water
absorption of 24.57%, a water solubility of 21.23%, an oxygen permeability of 26.41 g/(m>d), tensile
strength of 15.59 MPa, elongation at break of 301.89%, and water vapor transmission rate of 2.98x10™'° g/(Pa-m's).
The incorporation of anthocyanins enhanced the light-blocking ability of the indicator packaging film and
conferred them with significant color responsiveness to pH (2~12), and exhibited a short response time (10 s)
to volatile ammonia, and sensitivity to a low detection limit (mole fraction of 1x10°), and were all
biodegradable because of the ADSP incorporation.
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Fig. 1 Cross-sectional SEM images of films
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Fig. 2 XRD patterns of PVA film, ADSP film and P1~P4
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Fig. 3 FTIR spectra of PVA film, ADSP film and P1~P4
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# 1 PVA . ADSP i1 P1~P4 (JELHE | 3% W] JEE A2
AL
Table 1 Thickness, opacity and dimensional change of PVA
film, ADSP film and P1~P4

AR RE R Y
L JERE/mm B /mm ! HEEAAL/%
30% 50%
Pl 0.104+0.002°  0.231£0.004° 15.26+0.14° 7.33+0.29°
P2 0.103+0.001°  0.181£0.002° 10.11+0.52¢ 5.12+0.15°
P3 0.106+0.004*  0.112+0.001°  6.12+1.01"  2.79+0.56°
P4 0.102£0.002°  0.216£0.012°  7.03+1.16° 4.56+0.16°
PVA  0.111£0.003"  0.796+0.008" 11.84+0.32° 7.23+0.32°
ADSP  0.109+0.002 0.879+£0.004° 19.45+0.78" 9.11+0.45"

e RS AR B b/ NG PR 2253 3% (P<0.05),
T
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PVA F1 ADSP 73 Z [AIF¢ 75 /) 22 B A BAE FHBR 1 1
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—o— K
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WK BRI/ %

P1 P2 P3 P4 PVA ADSP
i
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Fig. 4 Moisture absorption and water solubility of PVA
film, ADSP film and P1~P4
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WPE (21.23% ) &M%, o ADSP &K T 37.43%.,
X AR 5IRA It ADSP 1 PVA BRI B AE A 6B,
WAL, 16752 . PVA Fl ADSP 2 [H] it AH BAE HTBR 41
TRIESKS TGS, BIET EAMES FAEKH
AR, TR A A SRR PE R R P, bR, 78
TEMFEE RN PVA S FEARTE /R 28 K 1
i v LR K
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€l 5 A PVA i . ADSP AT P1~P4 ()15 A M
IR RS E 1 M 45

M 5 AT LLE Y, P1~P4 1435 A XK T ADSP
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Fig. 5 Water vapor permeability and oxygen permeability
of PVA film, ADSP film and P1~P4
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Z [0 AR EAE FH RN R AF AR S T S BB IE L TR
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Hb, TR TR K 728 s i AR PR AR AL AT B 5 XK 22
KB GRS I s A 5P WANG P 5
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Lt ADSP fi5 (8.95MPa) $£/5 |~ 36.87%. P4 [ TS fx
K, N 1632 MPa, Lt ADSP 3255 T 82.35%, 45
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MKl 6b iR LLE W, BEE V(PVA )
V(ADSP ¥#HO)RIIGIN, 4 ARG B EB 2 i

/No Hidr, PVA BRI EB {4 59.23%, 1fif P3 #Y EB
{4 301.89% . M P1 Ay 332.79%[4% % P4 1) 263.21%,
B35 F PVA i, X r] BEJ& tH ADSP 1 PVA Z[H]
TR T VBT 8L, X 55 FTIR FAELE B —2, 4,
AL R e e SR A B LA B ) F i .

XU T 45 POV 25 S B/ BB E B A
PrAfGR EE Ry 2.55 MPa, 5HAHM, P1~P4 H A
WA HLBRPERE . 45 2 W, V(PVA ) © V(ADSP
WW)=5 5 F1 6 5 B4 P3 FIl P4 HLAKM: AR

TS/MPa

P1 P2 P3 P4 PVA  ADSP
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Fig. 7 Color changes of P1~P4 in different buffer solutions (pH=2~12)
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Table 2 Color difference of indicator packaging after being immersed in different buffer solutions (pH=2~12)
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Fig. 8 Color changes of P1~P4 under the fumigation of volatile ammonia with different molar fractions
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Fig. 9 Burial degradation test results of different films
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