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B—REREHEEPVA/FGSNAD A4 %1, Fik: @
i E TR AL PVA-FG B 6B & T2, KR R E K5
HF RARFEZEWVP) Jab 3% E (TS b 240 K £
(EB) A % v 4x b k38 4 47 (FTIR) (X #7419 47 (XRD) |
AR E S (SEM) AT 5 (TOHRE R R R & 5%
SNA 2 PVA-FG B W 4 F= 5 3 25 # 89 % vk, 5F 1 ol
PVA/FG-SNA £ &Rty pH i & v 4= NH, R A, &
R:% PVA-FGABRKEZL A 60 40, m#idE A 95 °C.
Jmk B 1A A 1.5 h B, PVA-FG Ji &9 K& M 4 (36,03 +
2.63)% . WVP 4 2.91X10 " g+ mm/(m® + h+ Pa); &
# SNA R F o #t93m , PVA-FG B8 BB K54 F.
WVP 4= EBEZ 340, % SNA M E5H A 0.2% 8, &
AR B E A (0.0720.01) mm, K54 F 4 (11.09+
0.25)%,WVP % 5.45X10 ' g » mm/(m? « h * Pa),TS
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09 &40 5 X0 AR A MR, S, PVA/FG-0.2% SNA
BEA NH; A& T 89 31 & v 5 R4F, T4 A pH 48 =
B, G518 :PVA-FG 5 & & B o9 52 K 88 Fo ALK 1 B2 5
SNA K5 B ERAMAESNA TR EWNRBEY pH 4
NH, # g,

KBRARLFZ NG RUHBE LB &K
JE5pH v B

Abstract: Objective: Screening of polyvinyl alcohol-fish gelatin-
solanum nigrum anthocyanin ( PVA/FG-SNA ) composite
packaging film with optimal structure and properties. Methods:
Optimizing the fabrication process of films through orthogonal
tests, and using thickness, moisture content, water vapor
permeability (WVP), tensile strength (TS), elongation at break
(EB), Fourier infrared spectroscopy (FTIR), X-diffraction
(XRD ), scanning electron microscopy ( SEM ), and
thermogravimetric (TG) analysis to explore the effects of SNAs
with different mass fractions on the properties and
microstructures of PVA-FG film; In addition, the pH color
response and NHj sensitivity of the PVA/FG-SNA composite
film were monitored. Results: When the mass ratio of PVA-to-
FG. heating temperature and time were 60 : 40, 95 C, and

1.5 h, respectively. The water solubility and WVP of the PVA-FG
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film were (36.0342.63) %, and 2.91X10"* g » mm/(m? + h » Pa),
separately, With the increment of SNA dosage, the thickness,
moisture content, WVP, and EB of the PVA-FG film also
increased. When the mass fraction of SNA was 0.2%, the
thickness, moisture content, WVP, TS, and EB of the
composite film were (0.07 £ 0.01) mm, (11.09 +0.25)%,
5.45X10"* g« mm/(m? *+ h » Pa), (21.12+1.07) MPa, and
(373.7748.59) % , respectively. At the same time the composite
film had good compatibility among its components. In addition,
the PVA/FG-0.2% SNA film showed good color response under
NH; atmosphere conditions, which could be used as a pH-
indicating film. Conclusion: This article optimized the water
resistance of the PVA-FG composite base film. The hydrophobic
and mechanical properties of the PVA-FG composite base film are
negatively correlated with the amount of SNA dosage, and SNA
can significantly enhance the pH and NHj sensitivity of the film.
Keywords: solanum nigrum anthocyanins; fish gelatin; polyvinyl

alcohol; composite film; structural characterization; pH response

VLR | B R 22 4 2 IR 4R v, T 2 A X T
K/ T G A T i JB A R 22 A ) OG T BE A A
MY, H TR AR E E (ACND 45 K48 5k I8 1Y B (0, 45
735 390 0 £ 00 v AR A AR T 0 ARG T £ A R R
st 2 U A B S8 P . SRR R TR B0 BB 8 o R Sl BT
TiAE VA AR PG R JE AR A T A O T, oL R
M0 R AR Y R R T R /IR L R R Y
pH #ORPE | B AE b 09 R B AR B 5 T IR X
gy HETA ST 5T 20 4R oh TR R R S IR 114 B
0,35 7R 700 B T A= W R e R M Ok TV O PR B
2, LAFR A3 Bk A AT FE AR B R Can o Ak D 0 98
AN, R IERREENENRAYZ U
JEEES 0 (A g by BB A RN 52 RO R R 1 BRI Cnek
S HMBIEO A

ACN 2 pH #5785 IR 1 28 6 HL L . B 4 b i ik K AL &
Yy EE S5 RINR U A 7R ) O TR YR R R Y
W A3 A 7 A R T Y R R (R W R R =
BRI TR CO, JELAT A= 4 S5 AR ™ 4, 3X S M ) B £ 16
AL N ER Y pH fE TR DL S ACNs By 2= 854 22 4k, I
Mgl ACN B F a2 A0 %, fES MMk (pH 4~
SYFMT  ACNs M L0 AR L B T84 h T AR
F AR 5 B pHL I 2 Pk (pH 6~8) , ACNs #4462
S/ R TR AL o I T SR R0 % 1 R U B AL D B i
IR

T 3% (Solanum nigrum L.~ i B JE — 4 4 A
T )02 43 A0 T S L BROVH L 26 9 19 TR 2= AT b X,
HRG - REREO, FE TR EER BT Ak
ZER IR GRS A W . JEZEAE T R (SNA) J& — Fh 3

REAWMRE - RZHE—AAR—AERETREARMNG & LEURMEREESN

T 2K e R AR 0 R B A OB g BT 4% B8 0 AT i 4 A
WPER T R R, SNA B & i DPPH
H SR ABTS™ A i SL i B Ag 0. Boxt pH {E (9 21 (4 e
N7 R A R, 6T SNA 78 £ i 16 M 5 18 A0 2 430 3 1
FAWF5E it oA WL AR GE .

18 00 Ji (fish gelatin, FG) J& 2K I8 F 25 i T fY &) 7=
it . T E AR A8 R b Y R DR R I R K R
Ao DU ELA R A0 | B 4R L B A R A g
i o AT A o o AT R B £ B A B R R AR TG
4l FG B ML AR FoK 28 S B R M Re dc 221 R I
I (polyvinyl alcohol, PVA) f& t & Z, & £ ¥ e % fift ol /K
AR B0 R G W, B A 5 0 BB BE 7 L BH A M R R
W B, I e JOAL 3 A0 e 5 kR AR ) T R A R L AR, 4l
PVA BB WA REJLIE 100%, Hidn &b v fe i 22 . Nk,
FG.PVA 5 5 HoAb 5B b1 k52 T LA £ e S AL A P BE AN
B AMERENY , BFST L LL PVALFG Ml SNA K 5k}, DL
9 Ay b R SR IR AE S I A A R SR A IE 28 K R AR
LB A B BB T2 3 8 58 SNA Jit i 43 0% PVA-FG
524 SO0 25 4 4 e s UM pHL e I S R R 1Y
A,y 0 0 s S A 5 M RE LY PVA/FG-SNA Z & 4
5 PR AR IR
1 MRSk
1.1 #Rt 5=
111 MRS

B IR SR T

AR A R AR AR R A IR

ROIHEE1799 B, BEfF I 9820 ~99% , 4y B 4li,
1 22 TE AR A AL AL AT BR A ]

Hl L TE K EARES VEUK o BT A, [ 25 48 T AL 2 R
HRRAF,
1.1.2 ETUHRER

B A SR B L PT-305 B4, 7 7R b 3| K 25 X 2%
AR HE

16 FL I A8 4 21 40 6 154X < Nicolet 1S20 1, 36 [F 28 2R &
HRBHEE A A 5

X-HH AT 5 . D8 Advance &Y, 75 E 45 & 75 /N A 5

HA T MBS JSM-7900F B, B A i T #k i
Stk

HL B PEAL L T-1 28, B R AR (R A PR A A 5

e (022 {0 NR110 B, 7 &R = B4 e BR B A R
2
1.3 RWAE
1.3.1 PVA-FGEAEBEMH & RAHWMED., FRI—
E WY PVA #1 FG T 500 mL #EJE I H , in A 100 mL
ZEMK K T LA 600 r/min i 30 min, A 0.7 g H
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L BA500 r/min 4k 2 5 $1 5 H 45 BB . S R
60 mlL B (3 A ERERE 35 1L (25 em X 25 cm) i H H
R .40 CHZ T4 48 h, T 25 C HFBE N 55%
B9 N T A AEH T4 48 h, % BHR A7

1.3.2 PVA-FG & & & % T2 04k

(D HRZ B LUK 28 S8 o % (WVP) FK 3

(WS) g3 #r 48 45, % Bt PVA-FG & I i & 1L (20 = 80,
: 60,50 : 50,60 : 40,80 = 20) R (75.80.85,
90,95 °C) IS ] (0.5,1.0,1.5,2,2.5 h) #4780 H £
¥ EE 3 WHCT-I1E .

(2) IEAZIRE  AF R R FE Al L 3 ] Ly (3D IE
ZFRIEAT I T =K IESSIR S LL WVP. WS 1T 45
i8] PVA-FG B AR RMET 2.

1.3.3 SNA 2 MR CH16 DR MEB S, W10 g
TR M 100 mL #BUAER (Vegem * Vagew * Vi
9 59.5 ¢ 0.5 40) .4 ‘CFEMHEI 10 h, g SRR Y EE
PR IFA IR U, T vk A8 3 8 J5 .8 000 r/min 5.0
15 min, & FIEW .45 CHEFE R L bR R 7 B % T 45

BT ER, —20 CRGCIRARSEH .
1.3.4  JEPEREI €

(1) JEEBE SR A 740 T 40 ROBEHLI 5 A 5 347
E S BOF- 1A .

(2) K& & A GB 5009.3—2016 5 3= KT

Sk H (DI ROK s & B
:Wo —W;

0

X, X100% , e))

vl
X, — K&, %;
W, —BRWI R i, g
W, — R TR E.g.
(3) KZESRBETR(WVP) R ASTM J7 k07, ##%
K (2DIFE WVP,
Am D

REET N @
i
X,—K#ESRBFH,. g mm/(m® » hePa);

Am—— KB E.g;

t—— A b

S—MHA T, m? ;

D—— &g 7 3 )5

AP— B 7K 2% R 22/ NaCl A F1 % W0 8 &
[, Pa,

(D) IR (WS) AR HE SCRR18 IR AR B Bl . % 1
JERE S RIE T (2 em X 2 em) . 105 C TR B E ., ¥
HEA 50 mL 28K #,150 r/min ZE 7% 30 min, it JE,
105 C T EHE, M4 3 AN PAT, KRG IHHE WS,

B ,mm;

BE2708 | 2024 £ 4 B | RASHM

XB:WlW;IWmeo%, (3)
Hrr,

X,—KiEM, %

W, — BEERTEEEENRE. g

W, — BT KRG THREEENFE. g,
(5) Frfam B CTS) F1 W 24 i K 2R (EB) « AR $% SC ik
L9 AR B ol . B MR 1.5 em X 12 em KR/, T4

RIEIEE R 10 em, B 8 E R 4 cm/min B2 . 4300 4%
K . GIHHE TS 1 EB,
— Fo €5
YwoXd’
L
X;= = X100% , (5
fCLP:
& ,MPa;
wAH%ﬂB:,mm;

d— R, mm;
X — Wi R, 6
AL — BB 24t 2 A (A B8 » mm s

Lo—WiR K  mm,

(6) SNA fl PVA/FG-SNA &4 Bn pH Uk 1R
Wk L20) I R VR 1B . 2 il d% 12 {3 %5 & SNA
PVA/FG-SNA 4R (1 em X 1 cm) & T AR pH
ek (pH 1~12) ¥, #4826 min, FEESAHHLIAHEIEIE
SR, SR F 58 AT WL 43 0 0 B T S A R T Ot
WL F I KB R 400~800 nm,

1.3.5  JRE4EH FRAE

(1) {7 B 78 8 21 A0 S 3 43 1 (FTIRD - R A FTIR 15
TEUR A B CATRO 882X F 43 B B3R R 1 4k 2% 45 4 A5 4L
HiE PR R 4 em™ " PB4 000~500 em™'

(2) F1H B BE 43 Fr (SEMD < 4l FH 471 38 B 7 S8 I
7 VI Jo TS ] Ve R 114 2 TET B W TET O A AT AR

(3) X BF £ A5 5 20 Hr (XRD) ¢ 0538 81 85 W 15 48
1.5 emX 1.5 em K/h, ZEMR AL R 40 kV U HL 0 A
30 mA TR XA LATHALEL Cu Ka N HEHE 1E 20 2
5%~ S0°JL R N LA 5C°) /min W 3 TR S AT A .

(4D A HT (TG A FH R 4 BT AR N, (i
940 mL/min) fR4 T 43 B W Y SRR E M. MRRE A
B A 10 mg, FHE B R A 10 °C/min, T 1R B H A
30~800 C,

1.3.6 PVA/FG-SNA & & X8 & 2 0w hy - AR 4 3¢
BRC2003F R VE B 0. %% PVA/FG-SNA 4 (2 cm X
2 em) [EE F AR (L, =94.955a; =0.12;6 =2.71)
L AR A 40 mL 2K (0.1 mol/L) B = M Bl
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DL LE 21 min, 4 3 min R4 — W R KRG B
FAE SR 2R L () e (F4W; — &
) b7 (HE A — W) IR R ST, X6 3t
B2z (AR,

AE=/(L" =L+ —a)’+ b —by? . (6)
1.4 BG5S

{# Jf] SPSS 22.0., Origin 2018 .Graph Pad 10 # {4 #47
BHE AL B 45 5 LUE A b o 22 R8RS R O %
AYBEEAT B BT, P <<0.05 #HAZE 0.05 K% F
B,
2 HiRS5nbr
2.1 PVAFGCEAREEH&ZGHMRUL
2.1.1 PVA-FG 5 Bt i 5 b X &2 4 56 Bt 7K 1 58 1 52 i)

2 1 AT, B % PVA B8N, PVA-FG B &
SEWER) WVP 2SR AK S B a4 (P <<0.05) . Y& Wil i
I 60+ 40 If,PVA-FG B & 5B WVP %, ol fig
BN FG & 1 = B2 e 45k % 28 5 b ok 28 SR W ik
AE frdate-r . R, BEE FG LM R, PVA-FG &
AN WS BB 2 B R B e K MEH . X T RER A FG
AT TR R A B P A A R R R R A SR K SR A
4 PVA-FG & & 5B WS B2 B )in, 5 Lin 4850 i 0F
TEERZE.

REAWMRE - RZHE—AAR—AERETREARMNG & LEURMEREESN

F2 MAMBEXN PVA-FC EGEEM K EEER RN
Table 2 The effects of heating temperature on the water

resistance of PVA-FG composite films

TR B/ wWvP/
WS/ %

C (X107t gemmem 2«h!+Pal)

75 2.56+0.17 70.49+4.06°
80 2.904+0.822 43.434+1.66"
85 2.7840.16% 38.83+0.82¢
90 2.07+0.06" 31.3840.664
95 1.6440.07¢ 40.9040.75"

t FFNG FRON R RN 2 5 B3 (P<<0.05) .

5K PR E AR BR WS B, 5 g0 a0
1) B 58 45 R — B,

2.1.3  JnFe a2 A ST K MR R SE e i & 3 T
ML BE B ] 9 3T KL PVA-FG 2 A L1 WVP #I
WS KAK |- 34 5 5 AR S B 44 (P<<0.05) . 2 m #Aa
W% 1 h i, PVA-FG B & S BEH WVP Al WS fie fik . 2
F B N AT RE AR AR K OE B PG P AR REE R
K B BN T PVA-FG & & 3 1E K th iy %
fifp 2,

K3 mMHEEIN PVA-FG EGEER ks
Table 3

AN

The effects of heating time on the water

X1 PVAFCEBRRELUNEAEET Km0’ resistance of PVA-FG composite films

Table 1 The effects of PVA-FG composite ratio on the N WVP/ »

water resistance of composite films f/h (X107 'gemmem 2+h ! e«Pal) WS/
PVA-FG & WVP/ 0.5 5.0240.27" 30.230.60"
~ , WS/ %

Fefit e (X107 gemm+m 2 +h™!'«Pa D) 1.0 3.6840.35¢ 27.4340.27°
20 ¢ 80 10.02+£0.57% 39.9042.64* 1.5 5.66+£0.31¢ 29.01+1.12"
40 * 60 7.74+0.57" 30.09+0.71° 2.0 4.8140.14" 28.5440.68"
50 * 50 4.68+0.03¢ 20.6041.85¢ 2.5 4.68+0.17" 34.16£2.66%
60 : 40 2.58£0.08¢ 11.8440.45¢ t RSN E R RFEER LR R E(P<0.05),

80 ¢ 20 3.4040.12¢ 9.41£0.554

T NG TR SRR 22 57 i % (P <C0.05) .

2.1.2 e RS A E R KM RE R R 2 Al
1L BE 2 I BGR BE B TE RS PVA-FG B A LAY WVP 2
SeXEINE AR HmBGR EE R 80 C i, PVA-FG &
AR WVP BB e RAH . & I HOR B 1 ifE— 25 1
I, B WVP R B FT RS2 B R AR B T e Al
FG H & A5 T 78 100 °C T I8 4R T8 B W 45 45 4 78
RN AR, SR, B N HGRE Y T R PVA-
FG E 4 RN WS S 5ERTG 1 nfa# (P<<0.05), 4
TR B 90 C By, PVA-FG 8 4 H M WS [ Z &
A, FE D PR T R SR AR B o i B FG RS 8 43 B
ST R 5 DTG 7™ A 35 0 o i i s Bk VR IE S ST L e AT

2.2 EXKE

165 K Z B LA B L DL PVA-FG & B2 B & L L fm#4
TELEE AN BB [ A8 R 2L DL WVP R WS Sy b RE 48 A
HEAT PR 2 =K P 1E A2 86, Lo (3*) 1E A2 i B0 IH & K F
W4, BRI MR WES, HES WL HHE

F41 EXRKBEAERAKFR
Table 4 Orthogonal experiment factor level table
APVA-FG & B jm#k C i) /
K- e o
i o 2 L i/ °C h
1 50 ¢ 50 85 0.5
2 60 ¢ 40 90 1.0
3 70+ 30 95 1.5
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£S5 EXHRETRER

Table 5 Orthogonal test results
Hls A B %53 C wes wsiw o S e
(g * mm * Zeh tePal) KEE  RIEE
1 1 1 1 2 0.000 360 39.11 0.95 0.79 1.74
2 2 1 2 1 0.000 220 20.23 0.21 0.05 0.26
3 3 1 3 3 0.000 213 25.16 0.18 0.25 0.42
4 1 2 2 1 0.000 370 40.69 1.00 0.86 1.86
5 2 2 3 3 0.000 220 18.89 0.21 0.00 0.21
6 3 2 1 2 0.000 180 21.37 0.00 0.10 0.10
7 1 3 3 3 0.000 237 14.33 0.30 1.00 1.30
8 2 3 1 2 0.000 203 23.48 0.12 0.18 0.30
9 3 3 2 1 0.000 187 25.86 0.04 0.27 0.31
""" Ko 490 243 204 243

K, 0.78 2.17 2.43 2.14

K3 0.83 1.91 1.93 1.93

R 4.12 0.52 0.50 0.50

X PVA-FG & & S BT K M4 68 19 5% i PVA-FG & it
JoT et b >0 BGRR EE > nBE E S R R AL B Gy, B
PVA-FG BELJRAF LR 60 : 40 H MBI 0.7 g i
J& 95 C Jn#ART ] 1.5 h, Mk F PVA-FG & & HL B
WVP 4(2.91 + 0.07) X 10" g *» mm/(m’ « h+ Pa),WS
H(36.034+2.63) %,
2.3 SNA Ky pH 8B R 7T I 4% 45 #7

B &1 AT, B pH (B9 T, SNA W I B (0 A8
KK A B A ~E B a0~ E a6 56,
5 RS ARA R, HE pH EH Ak, 1
HEM 4 R4ty g e S RN -2 3 N R T
e IR W 22 8] & AR N 446 1 e A o DT 5 | AR £ AR AL

B 2C) Al A, 2 pH fy 1~4 B, SNA i K W i i
WK 525 nm(pH 1.OF E 552 nm(pH 7.0) fl 576 nm
(pH 11.0) . WEW] SNA Z5#9 75 AR [F) pH (B T Fif e K W e I8
KRB ARG AR A, — R 1, Ab T 20 6 L H B A
()W KT, WG 1 18] (9 L 4 B8 iz e 5L 20068 10 e A%

P 2Ch) AT S A sz i /A 525 o B p LB B 385 0007 38 O, %
LT S FEAE . Asrs wm/Asos o B EH 5 2 R
y=0.190 62 —0.100 87,R?=0.878 29, %i I-,SNA Wt
JBE R U K I 45 A 1 B A O W R A AR AR R — i R R
SRAG 7R TV TE R TR
24 SNARESHX PVAFC E5EEWE LN

#

3R 6 L 2 A IR R BE K 3 & i f WVP 5
SNA J5i 1 43 80 2 B 19 1E 41 3¢ (P <C0.05) , J&& B 38 i vf
e TE &M SNA 5 PVA-FG B2 RIE N T 5 H
B IR 45 5 T 7K 43 A5 2 T T R SNA AR In T &
A e I T Y S KO R AT RSO s 2 SNA BT A A3 B0 i &
0.4% 8}, PVA/FG-SNA Z 5 1 WVP e K., b 4]
BRI A R SNA 4r 75 B R 3L, i 42 & 7 & 4 Xt
KEFEFTT . BEE SNA Fi - 81 K, PVA/FG-SNA
EABEW TS F1 EB ¥ 5 58 F+ & 5 BE AR 3 (P <<0.05) .
BSNAJT 501 % 0, B 4 WA TSk Bl i K1H

A1 SNAZpHI1~12% 2 E RV HRE MR
Figure 1

Color response of SNA at pH 1~12 buffer solution
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(a) FIP—rWOGHE

REAWMRE - RZHE—AAR—AERETREARMNG & LEURMEREESN

¥=0.196 01x—-0.100 87
R’=0.878 29

(b)) AsigudAsssum

B 2 SNA £ pH 1~12 F 9 % sb— T Ik 38 Fe Rk Z LR

Figure 2

UV-visible spectra and A ;76 ym /A 525 um absorbance ratio of SNA at pH 1~12

®6 PVA/FG-SNAESBEHWEE . KHEE. WVP.TSH EB
Table 6 Thickness, moisture content, WVP, TS and EB of PVA/FG-SNA composite films
SNA i & JEpE/ Ko/ WVP/
TS/MPa EB/%
% mm % (X10*gemmem 2«h ! ePal)
0 0.04-0.008* 7.6440.37" 3.0740.19* 17.7240.85¢  120.90+15.90*
0.1 0.05+0.006% 8.80+0.25" 3.6540.41% 24,1540.83¢ 298.21+8.63"
0.2 0.0740.008" 11.094+0.25¢ 5.4540.36" 21.1241.07¢  373.77£8.59¢
0.3 0.09-+0.012¢ 13.6340.06¢ 6.4540.09¢ 14.81£1.38" 362.80£21.40°¢
0.4 0.132£0.0054 16.1640.05¢ 7.7942.494 8.74+0.44* 305.09+3.13"

T FING SRR R RN 2 5 23 (P <C0.05)

2 SNA A E R 0.2% 0, 2 AR EB ik 88 KfE.
P BRI R HNTE T - PVA S5 s fr e KB 5,
— AR T 5 SNA JE & . 3 58 SNA 5§ PVA-FG
B AN Z (8] 9 AR BAE T g, 38 & IR TS o5 — J7 i,
SNA BEE T2 A BRI, SRR EB R Z 3N,
BE A SNA T 43 5000 HE— 25 38 i, 544 et 5 K 43 F 8] 1

ZHAE BN, PVA/FG-SNA & & &1 TS fl EB &
T BRgT 45 R — K

Wi TR, 5 Ma S

B
Transmittrance/%

1 640 1 0841 042
L

4000 3500 3000 2500 2000 1500 1000 500
Wk

-1
Wavenumber/cm

(a) FG. PVAFIPVA-FG

2.5 PVA/FG-SNA E BRI &M R

2.5.1 FTIRZ-#t  hHIE 3 WA, B TR 3 &
¥ 3L, B i FG.PVA.SNA.PVA-FG fl PVA/FG-SNA
JBEAE 3 270 cm ' 3T A W %F’Eﬁ'ﬁ?ﬁﬁ’] O—H il 45 4z 3h
W25 Ah L1 655,1 570 cm AR ARSI R FG O ) 4R AE
W WU, Sk B R 2 Ik A C —O(BEIE T 35 46 3% 3h
MN—H®EE T4 192 iR 2. nA FG J&5, PVA-
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PVA/FG-SNA &£ &) FTIR & A
FTIR of PVA/FG-SNA composite films
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0.2 63.8540.27¢ 48.6940.53° —14.4640.23¢ 60.1740.61"
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Figure 7 Color of PVA/FG-SNA composite films soaked in different buffer solutions for 6 min
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