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Abstract: In this study, polyvinyl alcohol (PVA) and distilled water were used as raw materials, glycerol was
used as plasticizer. The PVA/AgNPs composite films with different proportions of silver nanoparticles (0%,
1%, 2% and 4%) were prepared by solution casting method. The mechanical properties, barrier property and

antibacterial property of the films were characterized. The suitable film was applied to the fresh-keeping of
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fresh noodles leaf, and its effect on the quality of fresh noodles leaf was studied. The results showed that 4%

PVA/AgNPs films had better mechanical properties, barrier properties and antibacterial properties. The

diameter of the inhibitory circle against Saphylococcus aureus reached 11.67+0.29 mm. PVA/AgNPs film

with 4% nano-silver content was selected to preserve fresh noodles leaf and determine the quality changes of

fresh noodles leaf during the storage period at 4 °C. The preservation results showed that 4% PVA/AgNPs

film could significantly delayed the growth of total colony counts, maintained the color, pH and acidity of the

fresh noodles leaf during the storage period. Furthermore, 4% PVA/AgNPs film significantly reduced the

cooking loss, improved the quality and the migration of the silver in the fresh noodles leaf, which the national

standards. The above study showed that PVA/AgNPs film had the excellent antibacterial effect, and

effectively maintained the quality of fresh noodle leaf and prolong the storage time, which can provide a new

method for the packaging of noodle products.

Key words: PVA/AgNPs film; antibacterial; noodles leaf preservation; quality
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W, BOR R ORL . BEE AgNPs TS In = i3 fn,

TR R 1A LA/ NURL, AgNPs & i iilisy,
ROEREH I . 4% BT IE I AgNPs A E] PVA fii
AT RE AR 3p v 110 7%, YA I i ) JORE P 2R A
Wisd % . KHH AgNPs RERSECUF I/ HIAE PVA
ek, B R AT RIAR A
2.1.2 HUMERE BT

1 B 2R R %) ) 2 R RE X 3 A A T
JEE T A M B R S R Y B R R
(EB)FIHLAFsRE (TS )N 2 s . B AgNPs
TR, EB WA, TS WA, (R
SR AN g R A B R LA R AT LA
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H: A: AgNPs NIl N 0%; B: AgNPs IR 1%; C: AgNPs i8Il A 2%; D: AgNPs iR illiE N 4%,
Note: A:0% AgNPs; B:1% AgNPs; C:2% AgNPs; D:4% AgNPs.

1 PVA/AgNPs REHITZ 57
Fig.1 The SEM images of PVA/AgNPs films
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Note: Different lowercase letters in the figure indicate a
significant difference in same indicator (P<0.05), same as below.

2 PVA/AQNPs S [% B BT 24 i1 4€ 3 A0 43 {6 58 B
Fig.2 Elongation at break and tensile strength
of PVA/AgNPs films
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B 3 PVA/AgNPs i 5 §7i% St 2 Fn BE R {4
Fig3. Thelight transmittance and barrier properties of PVA/AgNPs films

&1 PVA/AgNPs HEMMNEBER
Tablel Theantibacterial zone diameter of PVA/AgNPs films

55 BB 4 4%/mm
R -
E.coli S.aureus
PVA i — —
1% PVA/AgNPs JH fi5 — 9.5+0.5°
2% PVA/AgNPs 7 Il — 10£0.5%
4% PVA/AgNPs I — 11.67+0.29°

e =" FoRTMERE, AE/NGFRFRR B R EE
%5 (P<0.05),
Note: “—” indicates no antibacterial zone, different lowercase

letters indicate significant differences (P<0.05).
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Fig.4 Changes of the Total Plate Count (TPC) of fresh
noodles leaf during storage
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B4, {2 PVA/AgNPs 520 (4 T % S A AR T
HATLL . FE55 4 K28 AL TS BB E L)
JEWRRAE (10° CFU/g) 1, 1if PVA/AENPs i 5
AR 7 RIKFFRIE . KW PVA/AgNPs B RE S
o) A o T P AR i ARG, S A T Y
JE st a] (293 °d ),
2.2.2 AT € PR AR DTSRI 1R B9 AR

L B4 A8 £k T LA A F A e 187 2% 7 4 72 i
JE, B A LB A A X T 1 4% 146 28 By
POV g A i A A S R v A (B AR

2 PR, USRI RILG L* . a*, b*EK
B EEMXA, BEEN AT, LA, a*
(R DA/, AR ST RS TR, A
A B R 5 o ELE PVA/AGNPs ZH B A= 6 1 225 )3 4
FE T HAMMA, X T PVA/AgNPs R EA
07 1 BB PE RE R BT TR P RE L D8 D I B R 22
REAE— & PR AE bRy AR SE M 1Y 52, 128 A fif
T & A AR
2.2.3 Az pH R B A IR 0 AR Ak
AT AE 4 °CIEREIT pH AR JEE Y 28 1k 4
Bl 5 Fios . AN AL B A9 A fef T 90 4R pH (ELFI

®2 EHEMEFENEARNEL

Table2 Changes of the color of fresh noodles leaf during storage

@ TR AR A [l /d e PVA 4L PVA/AgNPs I 21
0 97.83+0.45"° 97.70+0.60" 98.17+0.60"
2 90.13+0.914° 92.23+0.65"° 92.40+2.824°
L 4 87.70+0.70*¢ 87.90£0.30%¢ 88.87+0.714¢
6 85.40+0.20%¢ 86.47+0.607B4 87.80+1.314¢
8 80.63+0.74¢¢ 82.63+1.10%° 85.17+0.76™
10 75.90+0.405° 76.87+0.355F 81.40+0.95"°
0 —1.2340.04% —1.2540.015% 17.38+0.14%"
2 ~1.89+0.06"° —1.53+0.354 16.93+0.125¢
- 4 —2.72+0.11%¢ ~2.59+0.10%° 16.68+0.074
6 ~3.02+0.03 —2.8140.0548° 16.14+0.224°
8 —3.29+0.02%° —3.21+0.045 15.73+0.05"°
10 —3.47+0.024° —3.40+0.03"¢ 15.39+0.06"
0 17.40+0.034f —1.26+0.014* 17.40+0.15%
2 16.95+0.04%¢ ~1.56+0.10%° 17.29+0.25%
b 4 16.59+0.034¢ —2.36+0.135 16.78+0.294°
6 15.96+0.07"° ~2.68+0.218¢ 16.22+0.05"°
8 15.66+0.045° —3.03+0.02¢ 15.91+0.024*
10 15.23+0.03“" ~3.28+0.02¢" 15.61£0.074

TE: ARKRE FRFROR BT RELEZER (P<0.05), AR/NEFRIRGIIMNREERER (P<0.05), TR,

Note: Different uppercase letters indicate significant differences per row (P<0.05), and different lowercase letters indicate significant

differences per column (P<0.05), same as below.

a PVAMEL
58 l@—— PVA/AgNPsHfFZH

5.6
jas]
a

5.4

R /(mL/10g)

——ZHY

5.2 1.8 —e— PVAfEZH
a b —+— PVA/AgNPslffiiteH
1.7 12
5.0 : ' : '
0 2 4 6 8 10 0 2 4 6 8
i) /d i) /d

F: A: pH; B: MIE.
Note: A: pH; B: acidity.

5 HESMEA pH MBEEMFEHENEL
Fig.5 Changesof pH and acidity of fresh noodles leaf during storage
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Note: cooking loss, B: water absorption.
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Fig.6 Changes of the cooking characteristic of fresh noodles leaf during storage
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Table3 Changes of thetexture characteristic of fresh noodles leaf during storage

kIS AR i a]/d 2 HH PVA # 4 PVA/AgNPs i 2H
0 2288.08+141.07* 2259.39+257.70* 2260.41+279.28*
2 3531.12£313.43% 3 420.24£360.81% 3023.86+249.47%
4 4267.23+335.60* 4067.09£167.91*% 3633.68+214.81%
Eﬁg Ab Ac Ab
6 4913.15+366.19 4719.93+245.65 4533.80+417.81
8 5 387.76+285.05%° 5 387.35+368.69° 5293.514£326.654°
10 6352.83+161.344 5911.66+280.6545 5675.40+323.21%
0 0.95+0.04" 0.94+0.034* 0.94+0.01**
2 0.88+0.04"° 0.91£0.014° 0.910.014°
" 4 0.85+0.03*° 0.86+0.05"" 0.90+0.014°
e 6 0.78+0.02 0.82+0.015¢ 0.87+0.03"°
8 0.77£0.05%° 0.80+0.022% 0.83+0.03"°
10 0.73+0.02%¢ 0.77+£0.03%P¢ 0.81£0.05"°
0 2072.59+181.61* 1 788.43+219.99"¢ 1762.30+212.93%
2 2577.08+139.57% 2 540.09+297.62% 2241.10+210.51*
4 3.095.73+189.04* 3081.62+115.98"° 2 743.36+201.59*
DEH%H: Ab Ab Ab
6 3271.70+345.16 3 338.45+235.86 3 245.54+234.63
8 3 495.82+268.08"° 3502.98+£204.914° 3 753.89+105.824°
10 4 047.26£153.05% 3 980.72+365.124° 3 706.84+472.44%
0 1.36£0.134° 1.36+0.13* 1.33+0.12%
2 1.07£0.117° 1.24+0.12% 1.26+0.09%
o 4 0.9810.052“ 0.9910‘061‘; 1.06i0.13i‘;
6 0.90+0.05 0.94+0.03 0.96+0.04
8 0.87+0.03%¢ 0.90+0.03*° 0.92+0.024
10 0.83+0.02"° 0.84:0.08"° 0.87+0.03%°
F 4 PVA/AgQNPs % B i $R [ M A AT
Table4 Migration of Ag from PVA/AgNPs filmsto fresh noodles leaf during storage
At fa]/d 0 2 4 6 8
i B8 &/ (mg/kg) 0.009 0 + 0.000 7¢ 0.012 8 +0.001 4% 0.018 1 +0.004 4° 0.023 6 = 0.001 4° 0.039 7 £ 0.000 7*

T AR/NG FEARRAEA ) B B 125 (P<0.05 ).

Note: Different lowercase letters represent significant differences between samples (P<0.05).
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