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Fig. 1 SEM images of the cross-section of PVA film (a) and PVA/tannin blended films with 5% (b) ,10% (c¢) and

20% (d) of Tannin

20(°)

Fig. 2 WXRD patterns of PVA film (a) and PVA/tannin
blended films with 5% (b) ,10% (c¢) and 20% (d) of tannin
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Table 1 Tannin content leaked from PVA/TN blend films after immerged in water for various time
Tannin content in Tannin content leaked from the blend films (% )
PVAZTN film (% ) 5 min 0.5h I'h 9h 24 b
10 0.03 £0.01 0.19 £0.01 0.34 +£0.01 0.35 +0.01 —
20 0.26 £0.01 0.79 £0.03 1.09 £0.01 1.69 £0.01 1.76 +0.03
2.3 :/I:L: B Hﬁ E‘Jﬁ%'ﬁ ﬁg Table 2 Antibacterial activities of PVA/TN blend films against

K HI#E fih 2 LUK W #F B ( Escherichia coli,
CMCC 44103, = [R B PR TR ) , 4 B €0 4 4 2K 1A
( Staphylococcus aureus, ATCC 6538, ¥ 2= [ [H ¥
BH ) FN 3 Kz 4 45 BR & ( Staphylococcus epidermidis ,
ATCC 12228, 38 2 [ B B ) S 0 Rt 47 A W) B
TR Y SR MR/ BT R R A T R RE I I,
iR T R 2.

MWK 2 W LA, &ad — B it R4 fil /5, PVA
L PVA/TN SEIR i b 1 5% B4 40 o e 5 R A — o
T ) PR AT, L fooh g i) B B ke PR A R /D
LGB HX O AR 4l PVA A HiE v
RE , I 2 52 2 11 X 40 B AT — 7 A I B A T BT 5 3
(P 3Ca) ), 3 78 F Al A4 BE AR A A1 2R & B ) 1Y
2 Ao 2 A U S+ ) R T LR ] A
3T LA T S 5 o 10% 1 20% 3t
R (3 (b) Hl () ) Fir I B A4 20 B 50 5
4l PVA JEERH L 22 51 JF AN . 3 1 WY B 7 B A
I P 2 T A RSP BE 2 DS O, i B A I R AR
Tl 7€ A 2y At DA e R 58 1% e 1 2 i 2 22 U
T 1] E A M SR T A BT

PLPVA JRAES IR R FF T 78 AT Rt 1 4 fih
1 h J5 8 5% 57 i IR 5 b 5k BR A0 B ok AR X
T4l PVA BEFBET 1.6 ANEE K (b T
97.5% ) ; 4T R NE] 10% K 20% J5 , 3R

Escherichia coli (CMCC 44103 ) , Staphylococcus epidermidis ( ATCC
12228) and Staphylococcus aureus (ATCC 6538)*

Content of Contact Bacterial lg reduction
time
tannin (% ) (h) E. coli S. epidermidis S. aureus
0 (PVA) 0.5 -0.04£0.09 0.14£0.09 0.03 £0.01
1.0 1.25+0.03 1.42+0.03 0.06+0.01
1.5 1.04+£0.09 1.21+£0.09 0.73 +0.35
3.0 1.49£0.26 1.66+0.26 1.00 +0.33
5 0.5 1.90 £0.16 1.60 £0.02 0.93 £0.42
1.0 2.85+0.07 2.02+0.07 0.39+0.01
1.5 3.04 £0.04 3.36+0.06 0.81 +0.42
3.0 3.72+0.09 3.93+0.09 1.95=+0.15
10 0.5 2.00+0.01 1.73+0.10 0.09 £0.05
1.0 3.46 £0.01 1.49£0.07 0.78 £0.01
1.5 4.60 £0.14 2.90 +£0.08 1.40 +0.01
3.0 i 3.35+0.01 1.53+0.35
20 0.5 1.70 £0.03 1.88+0.03 1.09 +0.01
1.0 3.56 £0.10 2.57 +0.10 1.53 +0.05
1.5 5.00 £0.09 3.00 +0.08 T
3.0 T 4.48 £0.05 T

 Bacterial concentration: 10° ~10° CFU/mL; PT. total killed
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Fig. 3 SEM images of the surface of PVA film (a) and PVA/tannin blended films with 10% (b) and 20% (c) of tannin after

immerging in Staphylococcus aureus ( ATCC 6538 ,10° ~10° CFU/mL) solution for 1 h
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PREPARATION AND ANTIMICROBIAL PROPERTIES OF
PVA/TANNIN BLEND FILMS

YANG Fenling, YAO Jinrong, CHEN Xin, SHAO Zhengzhong
( State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science

Laboratory of Advanced Materials, Fudan University, Shanghai 200433)

Abstract Wattle tannin (TN) ,a kind of polyphenols compound originated from black wattle,was introduced
into poly( vinyl alcohol) (PVA) to prepare PVA/TN blend films by solution blending method. Glutaraldehyde
was used to slightly crosslink PVA/TN blend films. The PVA/TN blend films were characterized by scanning
electron microscopy ( SEM ) , wide-angle X-ray diffraction ( WAXD ) and differential scanning calorimetry
(DSC). The SEM observations revealed that PVA and TN was miscible in the blend films, which may due to
the strong intermolecular hydrogen bonding between the hydroxyl groups from PVA and TN. The melting
temperature of the blend film decreased from 231.7°C to 221.3°C when the TN content in the blend film
increased from 0 to 20% ,but the crystallinity of PVA was slightly decreased. It was found that less than 1. 8%
of the total amount of TN in blend films could be leached out when the blend films were soaked in water even
for 24 h. This implies the good stability of PVA/TN blend films in water, which is beneficial to the long
duration of antibacterial activity. The antibacterial activities of PVA/TN blend films were challenged by
Escherichia coli ( CMCC 44103 ), Staphylococcus epidermidis ( ATCC 12228 ) and Staphylococcus aureus
(ATCC 6538) with contact mode. The results showed that with the addition of TN, these PVA-based polymer
films exhibited strong antibacterial activities against both gram-negative and gram-positive bacteria. For
instance ,only 0. 5% of E. coli was survived on the blend film with 20% TN after 1 h contacting. Therefore , the
PVA/TN blended films may have great potential in packaging material and coating fields.

Keywords Tannin, PVA, Blend films, Antibacterial activity



