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FEE: DIRCIHEE (PVA) FIFTVE MM A BRI . H oS 2850 . SRR 20 (SCP) SRRkl 45 gk
B (AgNPs) 3okl i AL R4 T2 AW PVA-AgNPs, DIBTHIHSREE N HERR, 8l 2K & Seu
Wi 1 TR S EOAR Y T PVA-AgNPs AR R4 1.2, R FTIR, SEM X} PVA-AgNPs HE{T T RAE, *HPEREDE T
THHA, PEH T PVA-AgNPs 7ERCRRAEER G . 5551, PVAL nlvEMEseky . HilA AgNPs FEE 310
23 g, 2.0 g, 4.0 mL Fll 4.0 mg B}l A9 PVA-AgNPs B3 fe s BLirfiisi B [ (14.08+0.58) MPa ) FIKiZ MK 2
(223.10%+5.29% ), HokEfbff (50.04°£0.03°) 7T PVA HllE (25.72°40.69° ), HAEK PR (61.87%=
0.17% ) fi%T PVA M ( 69.44%+0.16% ), PVA-AgNPs [}7KFES BT % (2.0%~2.5% ) tt PVA IR ( 0.8%~2.3% )
WhaE, HAES IR 30 d BIFEME N 44.67%+2.51%, J1 PVA-AgNPs (U8 55, AR T HBRER .
W, W T AR . ATRERTE Y SRS Ve SRR, FRE T HAEN pH, PVA-AgNPs RIEMES, A
TAIREAE, ERAEAERR I FLBR NSRS ; AgNPs i B 55 PVA 210 26K PERE IR T 8 AR K v, g olots
IKFESBET I, FEAILT PVA-AgNPs 72K idiAEfse, madxiv] WoGLRml, IRT & & WRmEic, BT
THBENER; AgNPs FUTSINNE T PVA-AgNPs XAl o, K 58 HIBAREM:, S0l 1 B py &k
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Prepar ation of PVA-sweet cor ncob polysaccharide nano-silver composite
film and itsapplication in strawberry preservation

WANG Xin, ZHOU Zhuo, YUE Zhen'ge, XIU Weiye, WANG Jingyang, MA Yonggiang"

( Key Laboratory of Cereal Food and Cereal Resources in Heilongjiang Province, School of Food Engineering, Harbin
University of Commerce, Harbin 150028, Heilongjiang, China )

Abstract: A polyvinyl alcohol-silver nanoparticles (PVA-AgNPs) composite film was prepared via tape
casting method using PVA and soluble starch as film-forming matrix, glycerol as plasticizer, and AgNPs,
which were obtainedd from sweet corncob polysaccharide (SCP), as filler. The preparation process of
PVA-AgNPs was optimized by single factor experiment and response surface experiment taking tensile
strength as index. The PVA-AgNPs obtained was characterized by FTIR and SEM, and evaluated for its
performance in strawberry preservation. The results showed that the PVA-AgNPs, prepared from 2.3 g PVA,
2.0 g soluble starch, 4.0 mL glycerol and 4.0 mg AgNPs, exhibited the highest tensile strength [(14.08+
0.58) MPa] and elongation at break (223.10%+5.29%)), larger water contact angle (50.04°+0.03°) and lower
water solubility (61.87%=+0.17%) as well as more stable water vapor transmission rate (2.0%~2.5%) than
PVA film (25.72°+0.69°, 69.44%+0.16%, 0.8%~2.3%), respectively. Meanwhile, the PVA-AgNPs showed a
30-day degradation rate of 44.67%+2.51% in soil at room temperature. PVA-AgNPs used as a packaging
material for strawberries reduced the weight loss rate, spoilage rate, the loss of hardness, soluble solid
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content and V¢ content of strawberries, and stabilized the pH of strawberry. PVA-AgNPs was rough with

slight folds in surface, while had pores and cracks inside. AgNPs enhanced the hydrophobicity of the

composite film by covering the hydrophilic groups on the surface of PVA, and reduced the solubility of

PVA-AgNPs in water by changing the water vapor transmission path. Through the absorption of visible

light, the color of the composite film was deepened and its light transmittibility was reduced. The addition

of AgNPs improved the barrier property of PVA-AgNPs to visible light, water and oxygen, and achieved the

preservation of strawberry.

Key words: sweet corncob polysaccharides; nano silver; polyvinyl alcohol; preservation; thin films; food

chemicals
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fERSTFRAY, mTHIR, B0, TH. IR
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TEMEE ) RN FIEE F BOR S, H S 2R KA —
FERRPE b RR T A AP R4 E 4k BURL (NPs ),
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JEIE A L EA R A A2 . U R BB S5
FEPERE, R LTS 0 20 RS AR rp R DL R A A
B PR AL AR, S A 2 B A AR T
NPs ()5 BUE FIE AR R i 2 5 F7 24 e e . B s
PERE AR EME R FE N D), AgNPs 78 2 1 7 1
HAT 3% Joit 251 J pH 52 m %005, Ui AgNPs
il 55 0 B A 2% R L R T AR I I ST RO, TR HR A
FHZWEE B )R % AgNPs, 51 TAFFE#H 1Y &
o XNy, ZRATENERER], Enl/ER
AgNPs FuRaEHIP, THEKE LB (SCP) J& Ml
TR R B —FPoKIE 2, HA RN
SRR, REAESAN /1N PN A8 2 B AL B L,
DA 25 B4 490 K 2L 0% B o 41 il A SR g2 ™), e —
P BLAT RAFAE D TR P I

A SR PVA Sl iE ek o Hh A
AgNPs 255 1771k ke il £ A T SR R e 1) £ A
EHNE PVA-AgNPs., 33k i 1 1 2 L f il 2 e
HRHL PVA-AgNPs 11 e il 5 2500 AU B BT 5

B (SEM ). il HLb AR 21 AR A ( FTIR ) X
PVA- AgNPs J RIS 5 25 2517 00, FF5%5 3
YERMER (KRB R . SFbEee . BmtE. &
JePESE ) AT . )5 FF PVA-AgNPs Tk &
REIEAE 4 °CNAEAE 8 d, VPAN AL HE ) A 20 0L
FEFORIL, LI IEM PVA-AgNPs ({355 fg

1 SEIgES

11 KFENE

AR, AFRERHRIIFLEARAR; &
&, TR JOK S B 7340 99.5% ) N = DG ),
AATal, KRBT R b 2E A BR A F 5 NaOH | i
MRk . BERIRAN, adral, K| Kb T
TR AL EIR (5L 68% ), srdrali, Kt
PE S AL 22 il 1 A BR A F 5 AT VERS , B,
KM G fb2A A R AR s IR, adrad,
RS AL TR RIS RT s PVA, B, KREETH
NeE R R RABRAE s PE IRGEHE, &M%, 1
KR RAERAT; 2,6-—A#EH (DCIP, ikt
N =97% ), RIET AR A RAR,; KA
fg (D101 ), KREEHICA L TARAR .

DF-101S 7Y 42 £ = 18 R i #4 /g ) 38 48 4% .
C110001 HIFFERPHEAL, LI RIFIAEEHE
AT ; UV-5200 BIEAh- 0] WLA6E T, i
TN E A FR/A )5 Alpha 2-4 LD Plus B398 % T4
ML, f8[FE CHRIST A+l; FA1104B Bl FKF, b
T HCEBL AU A A R A 7] 5 Spectrum Two Hl {8 B it
LT ANEIEAL, 25 [E Perkin Elmer {X A FR A 7 5
KQ-250DE FUEGa e i i vean , R L s s (s
FH IR Al ; DRS-50KG Aify Sk dl, RoEdisk H
IR BRA ] THI10 BUHFRERE T, Ui Eea)
IR R T ; GL20M B A R B DAL, F M T
B LR A R A F] ;. PHS-3C SERG IR B 1,
g R A AR A PR AT
12 #HEHE
1.2.1 SCP #5944
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DIRy 0 J5 A oK S kL, AR . KR . W4 .
WA . BEUL, BOUE RO BT, e
WFEEA 2 1 A AR A&, BISh SCP.

1.2.2 AgNPs # %) &

2% JIAN P05, RSk EA BT 2 %
AgNPs, ¥ 0.6 g SCP ¥ T 100 mL ZEi /Kb, F5s:
ik 10 min 4%, T 4000 r/min .0 5 min L
R, WEFRE A EEREN 6 o/L ML
PR BRI R 6 /L WM KIA IS Mk
BER 1 mmol/L ) AgNO; RS REUR A, TERE S
Pokas LHEPEIRS), BoRE T 2RI A R b i ik B
4 0.50 mol/L i NaOH ¥, A5 %W pH £ 10.0,
MBI AN TC AR MRS, 1k . 7R
FUNEL 80% 1 L BEHF TR 12 h, WCAE DT B T HLAE
i, 50 CHREET 4 8 h, 53] AgNPs HiK .

1.2.3 PVA-AgNPs # %] %

2% JUNLAPONG "5 i - R VEIE B 45 2.0 g
) PVA #1130 mL ZER7KIMAZIBEFRH, 7E 350 r/min
WG I PEFE F KIS THEZ 90~95 °CHI# 30 min, &=
PVA T 2¥ 2] PVA W 7i5h, ¥ 2.0 g v
PEGEN I 20 mL ZRIBK I A EIBEdRh, KBTHEE
85 °CHEHBEFE 10 min Mk, SHETE MBI . ¥
PVA W5 TE ML G345, BINA 4.0 mL H
A 4.0 mg AgNPs ¥ K, BT 85 CoKU#E 1P+t
5 min HHIRA345], WWRHEAMAR Y 50 mL, Kk
RIBEREZ 75 °C, M (Y% 100 W) 4375 30 min
DL A R, fERERCRT R R AE B, T 75 °C
M1 h, BEEEIRIEI, W55 A W PVA-AgNPs,
13 EmMEZHERLE
131 2R EEK

MG 1.2.3 Wil 7, %% PVA. Al
PESERT H BT AgNPs IS X 18 B BT oz 1o 5 B2 1)
AL

[ TR TESE RS N 2.0 g, HmEINE 4.0
mL. AgNPs i 5.0 mg, %5 PVA W& 518
0.5. 1.5, 2.5, 3.5, 4.5 g By X JEBEHT A BE A sl

i€ PVA B IEE 2.0 g, HIHE NG 4.0 mL.
AgNPs iSEE 5.0 mg, HEEAHMEIER NS
0.5. 1.5, 2.5, 3.5, 4.5 g X {i B Hr {10 52 1)

2 PVA WM 2.0 g, AIEMERER RN
2.0 g . AgNPs I 5.0 mg, ZEH A INE N 1.0,
1.5, 3.0, 4.5, 6.0 mL XJ ¥ BBTHL58R B 5200

8 AR TEE A I 2.0 g, HuhdsnE 4.0
mL., PVA ¥ fiNdE 2.0 g, 5%< AgNPs il 2., 3,
4. 5. 6 mg X BEHTR P oR 2
1.3.2 vhmd %k

PUBALIR 2 S 25 SR 3R, DL PVA I (4 ).

ALAEPERER S N (B). Hildn&E (C). AgNPs
Wi (D) AEZE, DIEESTHsRE (Y) Amh
8, XF4 NHESMEE 3AKE, 1“1, 0, +17
R, PVA BN, nliAEPESE Ry O I L Hmas i
AgNPs U AR P8 2o R o 4 R O s U E

1.4 PVA-AgNPs B4 g8 ik 0 R AE

1.4.1  HUBHEREM T

FERE_ L BEALI 5 AN 507, (R e dR R RO
JERE, BUEHCEYE., EEOE 2 0.001 mm,

PR BT K, 14.0 cmx5.0 cm I STERES,, %
SE AP MEEES S 20 mm, A2 0.5 mm/s, [
FABT 156 L0 e A A B b A s B (TS ) Ak
iK% (EAB).

142 RBAkALEBERNE

Aol 2 f o 300 SO A B T P S i K M
PEATI . K BT AT 20.0 mm x 10.0 mm, FifiJ5
4 R ) S [ s e DR £ 0 KR R A 3 T S
f, IRIKEIRFN 2.5 L, A E N 1 kV,

P IR O B 25 mm>25 mm B4, BT 50 °C
TR P T 24 h JE R mo( g ) IR T,
TR 5 R T 30 mL 28487k 24 h 5 HC
W, 4RZETE 50 °CF T4 24 h, AR my (g)
BE (%) madazt (1) iH5E,

TR RI% = (mg—m,)/me*x100 (1)
1.43 KRARZTFRE (WVP) 0K

£:% SEONG 2"k 1 50 mL 25
A 30 mL ZE1RK, SEEERMEIIL) . RN H R E
AEMEOIFFRHEGE, SR TEHE, B2dRHE 1
W, KZESBITHR (WVP, %) it AR (2) 15,

WVP/% = (m—m;)/m;x100 (2)
K, myy e APRIRES i i TN, g
1.4.4 &R F 04X

%% SEONG U kIt R Ve eiesh . s
FHBUAL 10 mmx50 mm WFEEREES, T H A L5
Se—M N T, LAas e @I xt g, FEsh-n] il
A3 T S MRAE 600 nm AL O
1.4.5 FTIR &4

FIHE R0 B 4000~500 cm™, Z39E% 4 om™!,
FHEREL 64 Ko
1.4.6 SEM %k iE

JHl SEM Wi %% PVA-AgNPs W1 RIS . ik
KAFHCH 5000 £, JMEEHL R 2 KV,

1.4.7 3R K

2% LAN S 05 1k DB R B9 A 14.0 emx
10.0 cm WYFETEAESS, FRILTTHEE mo (g); HUBF 10 cm
Ab A3, B SR AR IR AT, =R
KA 30 d; Scobad A, PRFF AR = 50%,
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5dHUREE 1k, RISTEBRGIR A4, 5 i I
FEFRIL N m) (g ) IR AR S50 1 T e fip
(%) WHEAK (3) 5.
VoA 22 /% = (mi-m))/mix 100 (3)
1.5 PVA-AgNPs{REfE& I

SIS T b AT A R b B . Bk
BCAERET . AMEIEE | TCHLRAR 5 SR A T S
B EERE A 3 N B AL FRLE ( PE {36 I ZH . PVA
TIBZ . PVA-AgNPs 24 ) A1 1 AR RERXT IRZH
15, AREE G, APRZE 43 A T 0.1 mm
H PE fR&EFHIE . PVA . PVA-AgNPs 177 3%,
FITA R ET 4 CROGOAE; JLEFF 8 d, 4 lfE
0. 2.4, 6, 8dX] 4 A HEEFESIRbRIATINE
16 EEFRREAIERNE
1.6.1 %&%

SrBIAESE 0 d FNEE i (i=2. 4. 6, 8) d i
ST RN 4 HEEFRE, 550EHh mi (g). m/!

(g)(i=2, 4. 6., 8), HAEANX (4) IMHEEED
KHEFE (%),

P TR /% = (m§—m')/m§*100 (4)
1.62 JBmE

SAAFESE 0, 2. 4. 6, 8 d X HUAE K R E
TR 5E o FEARE R I BB 22 8 RS B S e o R
A (5) R EREBCR (% ).

JE W% = B REH/15%100 (5)
1.6.3 #HJE

fiff AR BE T BI7ESE 00 2. 4. 6. 8 d XTHI%S
A A B A 0 A
1.64 THEHEEABH (TSS) &% 4 pH

FREUCE RS A 20 g A/ NRBSHLF, Jin 20 g
FEMKITH . ZJ5, FREL20 g J9TF 100 mL &4
M, IZEMKERZE 100 mL, HEEK ST T 5
S HEL.OHL 4 °CF . 10000 r/min #5.0> 10 min, J&
FEULTEZ I, IEWHT TSS &Ml pH E .

TSS & atillE . i HF R O F R SR 5
) P [1 4  E tHEA  E

pH W7 : A pH THE FA B TH IR T pH, fF
BFRERIC R
1.6.5 V4%

H¥ 2.6-AEEH (DCIP) EUE Ve &,
FARBAEIT . FRECRERR A 20 g, A 100 mL
T ECR 2% TR KT (4 °CARAF ) TF RIS Ab
T3, FT36 5 s 45 2~3 s, fE¥F 10 Wik T; ZJE, W&
20 g 4t T 100 mL 2 aEii T, TR 500 2%
M FRR KB RGE 2 2 100 mL ., $25 6 H0 8 7 ek
BUHE.OHLLE 4 °C . 10000 r/min 250> 10 min, 54
PUVEA T, A iE R T Ve Saille .

DCIP A2 : B 5 mL %5 @1 DCIP %K
BT 50 mL Bedrd, HIBTEWREEN 0.1 g/L ) Vetn
WER I E BRI EIR I, 15 s WARMUARZ 5 B
o, lF AR (6) 15 DCIP B EERL Vel
WehE (T)s

T=pxVIV, (6)
K. T8 DCIP ¥R I AFAL Ve B ik, BT &
PN ARFR DCIP YT T Ve A EIR I Ve i Fi
g/L; p N Ve AR UES IR A W, 0.1 g/Ls V23
7E DCIP WRIHFER) Ve iniER WA, mL; 7,
J& DCIP AR, S mL,

FRFFESL T Ve SR A E . VERIICEL S mL IR
WA 1 DCIP VAR A 50 mL BE#RHr, A 10 mL
FRIBKF RIS, A5 3 %) B Y T O o IR
BENTM, AR (7) HEEREES S Ve
# (mg/100 g ),

Ve &t = TxVxV,x100/(m- Vy) (7)
K. T4 DCIP W AERL Ve Ik B, g/L; V
J DCIP W IR F, 5 mL; V, S0 & Friy #6181
WIER, mL; m 2R EERATE, 20g; Vi 2ME
THFE I R TV R AN, mL.
1.6.6 FEREEIFM

WAL B A O R AR 1, IR RS R
ARG . e . A OKBUN A BN . AR
RARKB T AR RE | B A TR AE 2 25 4 1 1% L A5 LA
J7 MO B A R AT e (R 1), HiFEE S
=30, FRFELASHNE, MIFEni<3
mf, FonEAC LIk EE A,

x®1OBREWNEGE

Table 1 Sensory evaluation score table
BRI RATG
9 KA, TOKBSE, BRI, JFE
WA OAER AL
7 R NRITBEOING, A ICEAE R B0

Bk, JOKEISRIRBES ; BRIk, I
HHEASERMEEm e

5 RMRLEA, FEIRIOE, HI1~3 1K
BEIRE A ; MK RARKESE, JFHAA
SO SEARFI™ FE AE

3 FAHFR > LT O N, BERIDE, >1/4 1)
Fam I T K BB BE  B R R B S
iR, I H G SRS AL

1 KHAAEE, BFEERTIOE, >1/2 KRR
BURBIRBIRGERT ;s SR 2284, I H.
BAGOSE LRI

0 SEA

1.7 SRZREBENE
Z: 1B GB/T 9735—2008 { fb2#i5 =4 )@ il
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TR ), ME 4 R8RS 8 d ARFR I &,
A RSN E 3 W, WEHTFHME. %H
GB5749—2006 { [H F A {E AR K DAARE ) #E1745
BT

2 HR5WR

21 BERIBERDN
BT B R R A SR 2 R

13
a
12+ \i
£
T
b
0t
&
B
9 .
% 1 2 3 4 5
5 RIFEERINE g
b
12}
g T
1t
B
o
Z 101
&
£
9L
8 . . .
0 1 2 3 4 5
AT TER AN IR/
110 —
10.5

///A

B

I
/ﬁ
1

Bihr iR B/ MPa
© o
h =)

0
=)

8.5
2 3 4 s 6
. HIh%S &/ mL
5
d
14 - i
£ 13
=
& 12
oy
St / ;
Biof = \
(]
9 L
LA 3 4 s 6
PRI R/ mg

K1 BRI

Fig. 1 Single factor experiment results

MEL T ATRE G, TR R, ff
& PVA IR INH( 0.5~4.5 g ) A E R B N 0.5~
4.5¢g), HidmE (1.0~6.0 mL ), AgNPs ¥
(2.0~6.0 mg ) MHER, ARG Hr Ao B 34 45 H 225
NN RN P SR

2 PVA IR 2.5 g i, RRHTHL RN
(12.16+0.25) MPa, ikfwfm s (B la), Prhiffisg
ey R TR W T AR A — D Im A,
PVA T finse i il FUE S, Prboffsm B 2 ds )
WY BUCRANGY, ATRE R i T b i PVA B T
Y TR A 43 [ ) MR e 2t Fg 1T

MRLIEPETE R IR N A 2.5 g A, RS BT B (R
5 FF A7 (12.01£0.28) MPa, ks (F 1b), X
A BE A A A T R VS I I N, PVA RITE B 4 T
B LS A R KRR MIE A, W T A )
YERI J, B4 1 T o e o B 5 A R
SR A R BE 3G 5 U Ry AS B B BT B A iR BE R
SR AN PVA 8025, HUEM I &= o — &
(EJS , 15 B ) 2E R e I R A, B A i B U
/J\[l6]o

MH RN A 4.5 mL B, EGTRRSRE A
(10.52+0.11) MPa, ks (FE 1c). HilfE A
AR, ReAs PR S A B, (0 IS e
4.5mL J5, Hlo+ 5T PEE s o Z AR EAE
FHETEAREE N, H155 73R FRIMER T, 3
FRE A BE 7 A 8 38 AR T

24 AgNPs TN 4.0 mg I, JEEHTH R
£ K(13.82+£0.19) MPa, ikt (& 1d). AgNPs
WOk A AT e A B R 2 S R rp B T AR E
FHCHARSREE ; B AgNPs WM& 4k Se3in, Hi
PR BEREAR, FTRE R T58 AgNPs Uk &4 1 Al
KRG, WikdE s FREM A B, s T
12 RS

WA £ S0 H 193] PVA-AgNPs fiefh: il &
2R PVA TN 2.5 g, W PERE TN IR 2.5 ¢,
Hgs e 4.5 mL, AgNPs #HN#EN 4.0 mg,
22 MR HEEWERSH
22,1 rmpE kIR

2 2 S LR N R 5T R 3R
M 7 TR 55 3 45 2R

% Ji Design-Expert 13 3045 2 3 P8R 61 T
TG, IERR AL AT O 22500, AR FI 20T
H =1 E R

Y="71.68+4.274+9.85B+18.54C+15.89D—0.784B+

0.164C+0.734D—0.34BC-0.06BD+0.11CD—
1.344%*-1.56B°-2.29C*-2.17D?
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Table 2 Response surface test factors and levels

{=0.1305>0.05, JRAATA 35, R IHIZAR TR ) B 5
{5 T = (o) HA S WA G, RESEIR i Xt 4

2 i ¥ FISZI AN 3, UERHIZ O R AT, ml LI 0 A
1 0 -1 TR EA —E TSR R?=0.9543, & 4IHEL)E 1
PVA #ifiTit/g 4 10 20 30 R* 7 0.9086, WiR AR RE (CV) B, 1UH
ATV R T i /g B 10 20 30 4.85%, ULBASCEG AT SE MR . 25, BLEH IR R
iR /mL c 3.0 4.0 5.0 A PVA-AgNPs il G423t T & @ S Bl
AgNPs 7§IlH/mg D 3.0 4.0 5.0
4 FEMER
%3 W SR 54k Table 4 Results of variance analysis
Table 3 Response surface test design and results TR PR HmE ¥WME FME PHE BEH
I hh SRIN] . . . . EE
) i V/MPa A 80.33 14 574  20.88 <0.0001
4 B ¢ D A 9.10 1 9.10  33.11 <0.0001  **
1 -1 1 .
0 0 9:96 B 2.59 1 259 944 00083  **
2 -1 0 0 1 9.58
3 | . 0 0 1107 c 1.13 1 113 411 0062 O
4 1 0 1 0 11.89 D 1.15 1 1.15 4.17  0.0604 O
5 0 0 -1 1 9.19 AB 245 1 245 891  0.0098  *
6 0 0 0 0 13.49 AC 0.09 1 009 034 05638 O
7 0 -1 0 1 9.57
AD 2.13 1 213 775 00146  *
8 0 1 0 -1 10.70
9 0 0 0 0 1427 BC 0.45 1 045 166 02188 O
10 0 0 0 0 13.84 BD 0.01 1 001 005 0823 O
11 -1 0 -1 0 8.76 cD 0.05 1 0.05 0.8 06743 O
12 0 0 1 1 10.02 s
A 11.71 1 1171 4259 <0.0001  **
13 0 0 0 13.62 ,
" . ) 0 1052 B 15.73 1 1573 5722 <0.0001  **
15 N} 1 0 0 923 c 34.01 1 3401 12372 <0.0001  **
16 1 0 -1 0 10.62 D? 30.57 1 3057 11122 <0.0001  **
17 0 - 0 - 8.79 = 3.85 14 0.27
'8 - 0 1 0 o AU 3.43 10 0.34 330 0.1305 O
o i}
19 1 -1 0 10.92 8 ' : ' :
20 0 0 0 14.09 NS 0.41 4 0.10
21 1 0 0 12.87 B 84.18 28
22 0 -1 -l 0 9.01 VT FRERRE, P0.05; o7 FRERLE,
23 -1 1 0 0 10.56 P<001; “O” ERELERABE, P>0.05,
24 1 0 0 -1 9.83
25 1 0 0 1 12.02 223 @SN
26 0 1 -1 9.33 = . b LA .
» X o X 14 & H Design-Expert 13 Z:2: 1] PVA-AgNPs 1T
29 0 0 1 1 8.95 W LA AgNPs B8 it 2 (0] i9 = 4kl i 1, 25

222 BAMSLFEHH
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Fig. 2 Contours and response surface plots of the effect of interaction between two factors on the tensile strength of
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Fig. 3 Water contact angle of PVA film (a) and PVA-
AgNPs (b)
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Fig. 4 Water vapor transmittance of PVA film and PVA-AgNPs
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Fig. 5 Physical photos of PVA film (a) and PVA-AgNPs (b)
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Fig. 6 Change of degradation rate of PVA-AgNPs with time
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Fig. 7 FTIR spectra of PVA film and PVA-AgNPs
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Fig. 8 Surface (a, b) and cross section (c, d) SEM images
of PVA film and PVA-AgNPs
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Fig. 9 Change of weight loss rate of strawberry samples
with time in 4 test groups
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Fig. 10 Change of spoilage rate of strawberry samples with
time in 4 test groups
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Fig. 13 Change in pH of strawberry samples with time in 4
test groups
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Fig. 14 Change of V(¢ content in strawberry samples with
time in 4 test groups
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samples with time in 4 test groups
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