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Preparation and properties of polyvinyl alcohol/starch/I mpatiens
balsamina extract antibacterial composite films
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Abstract: PVA/ST/IBE antibacterial composite films were synthesized from blending of polyvinyl alcohol
(PVA), starch (ST) and Impatiens balsamina extract (IBE), characterized by FTIR, XRD, SEM and TG for
analyses on morphology and structure, and further evaluated for mechanical, optical, barrier and
antibacterial properties. The characterization results showed that IBE was well combined with PVA/ST base
film. The PVA/ST/IBE composite films obtained exibited good antibacterial activity against Escherichia
coli, Staphylococcus albus and Bacillus subtilis, with the antibacterial performance improved with the
increase of IBE content. Meanwhile, the composite films displayed good mechanical strength and light
resistance. The tensile strength of the composite film with IBE additive amount of 12.50 mL [based on the
mass of PVA/ST base film (5 g), the same below] reached (22.97+0.68) MPa, the elongation at break
increased by 79.22% and transparency decreased by 11.90% compared with those of the PVA/ST base film.
PVA/ST/IBE antibacterial composite film showed good oxygen barrier performance, with a oxygen
transmission coefficient of (17.713+1.960)x10"* cm®-cm/(cm?-s-Pa).
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B RS B R, o 40 H Rl K RUALE 1 5
WA SR E 95% KW VAE L 1110
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PREREL, HAREC 1 h S TIRE, AR ¥
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mL ) [ HGTR & PR TR R I, SR 2 h
JEEATINE, AP UE IR, BERL AR R R 4
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1.2.2 PVA/ST MR w9 &

B m(PVA) : m(ST)=4 : 1, 3:1,2:1,1:1
) PVA (4¢g) 5 ST #f# T 50 mL Z£iE87KkH 85 °C
TR 1 h, BEFREA A4S PVA/ST B, AX
T E 1 h BREA0, R 800 um H 2K PVA/ST
FEVR P-4 T B 3 Al | i PVA/ST R L 76 25 °C R4t
T 10h, 753] PVA/ST FEJE,

1.2.3 PVA/ST/IBE #t 14 £ 41k ¢ 4] &

4 m(PVA) : m(ST)=4 : 1 ) PVA (4¢g) 5 ST
BT 50 mL 28Kk, 76 85 °CHHIEMA 1 h, #ii
FER A4S PVA/ST B, A IBE L P13y
SIEHHE 1 h BRAA, SRR IBE BT 1)
U PVA/ST/IBE JEWL, FIJ] 800 pm i A4
PVA/ST/IBE V-5 T 2 38 it PVA/ST/IBE i
i, 76 25 °CFHET 10 h, 85 PVA/ST/IBE HiH &
AR, AS[E PVA/ST/IBE i & A MR H W3 1.,
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Table 1 Composition of PVA/ST/IBE antibacterial composite

films
i PVA/g ST/g IBE/mL
PVA 4 0 0
PVA/ST 4 1 0
PVA/ST/IBE 1 4 1 6.25
PVA/ST/IBE 2 4 1 12.50
PVA/ST/IBE 3 4 1 25.00

1.3 SRS MHEEENK
1.3.1 ## &4

FHEALSR R Fr i 0 U 2 & Y FTIR 3514,
75 FIFE 4000~600 cm ™' Bk T R BE 4, A
SEM W PT I & A A HORTESL; LL Cu K 4R 5T
U5, TENEEH R 40 kV. T 30 mA. 20 5 5°~80°
A N E A ST XRD
132 #%F (TG) Hremnz

BUGEFESE 10 °C/min FHEEUR | L
A 50~600 CHRSIATEH, kIR 2R 241
BrASCHEA T IS PR
133 Akatn g

HHE GB/T 1040.3—2006, H4 45 FhHifsisk s 5
7K 150 mmx10 mm B HIEHES, FriER 40 mm,
PLAHF N 5 mm/min, (0 555 R A8 B 3k o A0 KT
ZANT R, I A M P e e 3 R T SR A
1.3.4  RFHakn X

48 GB/T 2410—2008, FraRhii s 5 A
50 mm x 50 mm IEJTTE B A, FEfER (25 °C).
fHIE (50% ). /& (0.1 MPa) &40, 209 A
B T8 6555 BE M AN, D 52 A T )3 6 R
E-9iis
1.3.5 Fakababm 2

A5 GB/T 1038—2000, KifFh s 3 A
@80 mm W FITEIAFE, 23 CHIE PR B LR
W, SN E 2 A B A BT R
1.3.6 @ HaERE

S B EPI  , TEJGH A 1F R
BB ER 6 mm WIR K, 25 & THFRKBFF#
P €7 26 35K TR RIA B 2R FAT T Y 3G e 2k b, AR
WAL & 1 A2 X IR (PVA/ST ) 1 3 4~ AJA] IBE
Jo v BE R RE ( PVA/ST/IBE $U I ), 37 C TR 853
24 h J5 I A B B ELAR PR B RO .
1.3.7 H¥E5H 554

K SPSS 25.0 #/4: (IBM SPSS Statistics ) X
FIAS B #4707 2257 B (ANOVA ), I V4G 5 )7
74 Duncan ZEK 0, W /KFEH 0.05,

2 #HR5WR
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W, IBE F B N5 250 . B A LR
H BB R 2- AR - 1,4- 25RO,

7‘\\7 /j' ;;*lfvplj"g * N “/TLN
ﬁf'\ 769 4 f
ST A S0 B 380 A %
'~~\\ 33140 29730 T T 1087y 880
/N N\ Mo
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3430 /\ 1655/\(-\ /‘,.
PVA/ST 2937 ey 1327}/ B¢
3270 1 P
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FTIR ¥
FTIR spectra of PVA film, PVA/ST film and PVA/
ST/IBE 2 antibacterial composite film

Fig. 1
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PVA/ST/IBE #Hi & & FTIR &K H, 1047
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I PR BR 4 4R S U0, 828 ecm ' N IBE HR YR
I C—H mymsbE IR sh ik, FE IBE LR T
PVA/ST J&
22 MEESEREN XRD 9

PVA . PVA/ST iX. PVA/ST/IBE 2 i &
B XRD 1S LK 2, 4nl&l 2 iz, PVA &4
PEESY T, PVA IS XRD 3% & H, 78 19.4°40H
TR B AR, HJE T (101 ) A1 (200)
i, PVA/ST &4 EAE 19.4°40 H 8L B 19 PVA [ %l
FRIEIE, ST MIIMAJFARAE PVA W ELHY, FRIERT
ISR B R, ATREREH TE R ST WA S
PVA JE B — 5 () 5> F (B AH BAE A B T2 A M B
U Zh . AR ST At n] se th TRIfL/E I RER
T ST JHUkE ) AR S5 46 [z PVA S EUM I T ST AL
F5:3%* . PVA/ST/IBE ( PVA/ST/IBE 2) i E &
J55 PVA/ST BREA)SHASATH s BEAH 22 A K, HAT
Sl B A AR, B IBE AYSIAXT T PVA/ST
JIES ) & TR0 65 R A P S R
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Fig. 2 XRD patterns of PVA film, PVA/ST film and PVA/
ST/IBE 2 antibacterial composite film
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PVA . PVA/ST i, PVA/ST/IBE 2 3L E S
IR 3 i R 1 A SEM & LT 33 3 BT, B PVA
JEE . PVA/ST Jiii. PVA/ST/IBE ( PVA/ST/IBE 2) #i
WA AT SEM K] LIE 1, PVA i, PVA/ST
JEE . PVA/ST/IBE $L & & IR EDOCIE P&, A=
AP AMELS: . H PVA JE . PVA/ST X,
PVA/ST/IBE ¥t 1% & & Wil SEM 7] LI ), PVA
& (& 3b) INFRIIS) B, PVA/ST [ (&1 3d) K
WA FEAE, hF ST WInA, ATLE
31 J5S 1 VeI 224 T A A IURE A SR D R G M B, Ol AR
B ST B, Ui PVA/ST & RAEAETR A A AHZE 30

%, WEWTIN— 2 HL B ST 2 FRAR AR ) BELRR 1 o
PVA/ST/IBE $iL W& A M5 (B 3f) NERHLRSE B AF7E—
BRI A EL,, ATRER IBE MUIMATRE T )5
) ST 5 PVA IR R Frak.

K3 PVAJE (a). PVA/ST € (¢ ). PVA/ST/IBE 2 i &
EAM (e) FIEMPVAJE (b)., PVA/ST il (d).

PVA/ST/IBE 2 Hit & Al (f) Wiiki ) SEM &
Fig. 3 SEM images of surface of PVA film (a), PVA/ST
film (c), PVA/ST/IBE 2 antibacterial composite
film (e) and section of PVA film (b), PVA/ST film (d)
and PVA/ST/IBE 2 antibacterial composite film (f)

24 MEESEMTG A
PVA i, PVA/ST Jlii. PVA/ST/IBE 2 $iiE &
R TG M2 LB 4, LR 52 A B #3550 L 3R
2. WA 4 i, BAEA 3 A H BB B Ak E
MG, H—BETE 50~150 °CZ[a], & F PVA Fl
ST 21 53 W it 7K R4k & 7K 978 & BT . % 1BE 1Y
A EIG N B2 IBE PR T4 /045 K
., WY BAE 250~300 °CZ ], T E AN
B PVA FII ST [ IITEL, PVA/ST JEFI PVA/ST/IBE
( PVA/ST/IBE 2) $i W & AWK E 50% MR
(Tson,) #0 T PVA I, KRBT PVA FI ST 4147 [A]
(RS SEAE M) T PVA FI1 ST BYPAEAR, MM {75
R BA BRI HRREYE . 5 =B BHE 400~500 °C
Z, AR FESEAERT, 248ENEK PVA
ST /i frsl, X—BrBedsn IBE J5E A IR
EE NI, FIiEEm T IBE P& 25
FRE W 97 Kl b LA B At K o T 48540 A T 4 e
3., PVA/ST/IBE ( PVA/ST/IBE 2 ) itk & & Wik &
5% . 10% 30%H F IR E Tsop « Trovs  Taoos 23 314 102.1
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231.7. 265.0 °C (£ 2) , =B PVA/ST/IBE 2 i A
AR EA B g e T

PVA/ST/IBE 2

l(I)O 2(I)0 3(I)0 4(I)0 S(I)O 600
1R BE/C
Kl 4 PVAJK. PVA/ST i, PVA/ST/IBE 2 HiH & & Y
TG ik
Fig. 4 TG curves of PVA film, PVA/ST film and PVA/ST/
IBE 2 antibacterial composite film

®2 YIRS BRI RO

Table 2 Mass loss data of antibacterial composite films

R Tso,/°C T9%/°C T300/°C T'soo,/°C
PVA 141.8 222.8 241.7 257.9
PVA/ST 126.2 239.6 264.8 277.4
PVA/ST/IBE 2 102.1 231.7 265.0 279.4

PVA i . PVA/ST Jii . PVA/ST/IBE( PVA/ST/IBE
2) HiEE SR DTG fh<k W 5.

.'g -6 <«—— PVA/ST/IBE 2
S
S-10F
=
A-12F pvA—>
—14 - 244.4 °C\Y275.8 °C
—12 I 273.8°C
_1 1 1
100 200 300 400 500 600
HBE/C
5 PVA . PVA/ST J . PVA/ST/IBE 2 HiwH & A B
DTG #h4k

Fig. 5 DTG curves of PVA film, PVA/ST film and PVA/
ST/IBE 2 antibacterial composite film

e 5 i, PVA I PVA/ST I F1 PVA/ST/IBE
PO A B 1) 5 KR F R T )53 3112R 244.4
273.8 F1275.8 °C, & B PAfift ol 72 32 28 0y JETBE Y 0 i
PVA/ST/IBE $ii & & G AT E PR3 AT . PVA/ST JiE
Fl PVA/ST/IBE i & 5 FE ) 5 K% H 3 AR 1
T PVA I, AT REJE PVA H1 SA 4143 1] 5 51 i) S AR
FHANEN T B0 PR A, DT (7514 R LA B4 1Y)

25 MEEARBEHAZEMEES

PVA 5 ST A[RIS b T HilfS PVA/ST B 7
5 RN KR UL E 6 53 3, @i 6 B,
PVA 5 ST A[E| ik [ F A% PVA/ST BERGHr fdiog
JEREE ST WM AR #2 e , Bt 4 ¢ 1,
FEARSR S Jy(41.2241.43) MPa, JEHEHH 1 1B,
PR 2 (49.65+1.49) MPa ( 35 3 ). WK 2 i
F ST UN i 38 mnmim /N, FREbh 4 0 1 6F, W
SR RN 19.25%+2.09%, Fimtth 1: 1B, K
ZUHEK RN 2.00%+0.31% (£ 3), BRIl 1:1
ME AR, Li5%% PVA 5 ST M I
XTI SR RE R, B E ey 401 1)
PVA/ST JEAE Ri b &2 A B SRR

saf T =

J\T\ b

50

PR/ MPa
R & &
= & 3
WK /%

S
[N}
T
1
(%]

40t

38 : : : : 0

1:1 2:1 3:1 4:1
m(PVA) : m(ST)
Kl 6 PVA 5 ST N[ Lt T #il45 PVA/ST i Fififisi
HERITAL 1 K 3

Fig. 6 Tensile strength and elongation at break of PVA/ST

films with different mass ratios of PVA to ST

%3 PVA 5 ST NG R Hil#53 PVA/ST IR 122 RE
Table 3 Mechanical properties of PVA/ST films with different
mass ratios of PVA to ST

m(PVA) : m(ST)  JEF/um iR EE/MPa Wi 2L 5/%
1:1 29.60+£0.89"  49.65+1.49° 2.00+0.31¢
2:1 29.60+1.58"  47.39+2.08"  5.50+1.43¢
3:1 21.60+0.55"  45.64+1.28" 9.50+2.09"
4:1 21.40£0.55°  41.22+1.43°  19.25+2.09"

H: AFRFRRREENEES (P<0.05), TR,

PVA fIi£. PVA/ST . PVA/ST/IBE $i & &
LA B AT R R ILIE 7 5% 4. PVA/ST/
IBE Pt & A A SRR IBE 25 5 (38 i K,
FE T IBE 415335 T 5 A LS5 i B b 530
(% 4) . WA 7 PR, PVA LA R ARG H
(37.64+1.34) MPa, F1 ST MR JE i fam 5155 g 542
&, PVA/ST BEH7 58 B ik $](41.22+1.43) MPa, A]
fEfE ST AGrEAMFERE —ERE 45 PVA
Oy AR AC ., TRl ST 4r T4k EAFfe K i
RE, &5 PVA iR A, e T
TR RHEIR RG2S 1, s s 1A R 22 e



55010

SRR, S50 IR LI BE/TEN UL E B R B IO 55 T B0 o o S 1k g

© 2219 -

I IBE J5, BA MM SR B RE IBE & &1
HOME TREEE, WA RKR R ERN, 4 IBE 1Y
AN HNE] 12.50 mL ( PVA/ST/IBE 2 ) i, A
PVA/ST/IBE 2 Wi g i 4 (22.9740.68) MPa (£
4) , FIX} PVA/ST FEREREAR T 44.27%, Wi
AR 19.25%+2.09%( PVA/ST 5 ) T3] 34.50%+
2.09%, $RTFT 79.22%. IBE URHNFEE A WEpL g
JEU/NATRE R T IBE H & s KA DL 84
SHUE PVA/ST iR, HIS5 T PVA 43/ ST 4
TR EAEN, EE G T RSB A4 IBE
RIS, FEPUEE A BN THRS I RS
1, BB A BEAE S A I e v A SRR
TG, RS T PR R A B R hr s B
IBE MM INAE— & R A 2 ¥ /B, I
M T2 AN, R R RS |
T IBE RBEAFHLA 0 THIRE G BRIAR R , Wn
25.00 mL IBE W$LH &2 & I PVA/ST/IBE 3 KAk {7
B RIFRY S12# 0B ((21.88+0.73) MPa ) .

45
—— BERE 70
40k —— WK
{60
g 35 {50 E‘E
J‘% 30 40 &
& R
®ost o=
T3 {20
20+
10

T \ 2 3
VA ?\IN‘S) N NS“%% Ngxﬁ%‘f] AsTIBE
jv:d

Kl 7 PVA . PVA/ST iX. PVA/ST/IBE 2 $it i B A Y

AT AT RIS
Fig. 7 Tensile strength and elongation at break of PVA film,
PVA/ST film and PVA/ST/IBE 2 antibacterial
composite film

®4 PRGN SRR

Table 4 Mechanical properties of antibacterial composite films

R JEEE/um  PLAGREE/MPa W R R /%
PVA 19.00£0.71°  37.64+1.34>  55.55+11.06
PVA/ST 21.40+0.55°  41.22+1.43"  19.25+2.09¢
PVA/ST/IBE 1  42.80+0.84°  30.75£1.60°  29.75+1.85°
PVA/ST/IBE2  53.80+3.77°  22.97+0.68°  34.50+2.09™
PVA/ST/IBE3  54.40+3.78"  21.88+0.73‘  39.00+2.24°

26 MEAESEREHXFHEEST

PVA fiX. PVA/ST JIK. PVA/ST/IBE $i#E & &K
5 LR N 55 UL 8 ANk 5. Al 8 Fif /s ,PVA/ST
JIES B 355 56 R AN 35 43 1) R 91.10%0.14%F1 11.52%:+
0.86%( % 5), fHEL PVA JEZE L4 (91.24%+0.05% )

AT, (A5S80I, XJ& M ST 7 PVA/ST
SRR AL AT R S T80 B IBE SN i35,
PVA/ST/IBE i & & I35 YR G, 5
SRR TN 12.50 mL IBE MIHLEE A K
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Fig. 8 Transmittance and haze of PVA film, PVA/ST film and
PVA/ST/IBE antibacterial composite films

#5 HIEE SR IER
Table 5  Optical properties of antibacterial composite films

IHE BRI % B %
PVA 91.24+0.05° 0.12+0.02¢
PVA/ST 91.100.14" 11.52+0.86°
PVA/ST/IBE 1 83.68+0.72° 12.83+0.69¢
PVA/ST/IBE 2 80.26+0.68° 16.73+1.20°
PVA/ST/IBE 3 67.98+1.11¢ 19.45+0.92°
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Fig. 9 Oxygen transmission coefficients of PVA film, PVA/
ST film and PVA/ST/IBE antibacterial composite films

* 6 PR G BEAEHFREGE

Table 6 Barrier properties of antibacterial composite films

EY e ARBEE R BU[<107 em’-cm/(cm?+s-Pa)]
PVA 3.751%0.101¢
PVA/ST 5.804+0.039¢
PVA/ST/IBE 1 10.147+1.579¢
PVA/ST/IBE 2 17.713+1.960°
PVA/ST/IBE 3 23.610+2.897"
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Fig. 10 Antibacterial effect of antibacterial composite films
on E. coli (a), S. albus (b) and B. subtilis (c)
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Table 7 Antibacterial properties of composite films

- N B 4 4% /mm
E. coli S. albus B. subtilis
PVA/ST 0! 0? 0?
PVA/ST/IBE 1  9.84+0.24° 6.53+0.08¢ 6.66+0.15°
PVA/ST/IBE2  10.35+0.15" 7.91£0.08° 8.28+0.28"
PVA/ST/IBE 3  11.52+0.10° 8.36£0.15*  13.05£0.17°

3 #Hit

(1) DL PVA FI ST M5ERE, IBE AHLIEHR, 8@
i IR B 45 PVA/ST/IBE Hid & 4. FTIR .
XRD. SEM 45%.360], IBE 5 PVA/ST M sh &
A TG 25 R, &G WEEA B IE e

(2) X} PVA/ST/IBE Bk & A M S12% . s,
BHF . IOERPEREIEAT T IEAN . B IBE B8N i3
i, A R R BERRAR, R R 2 R
IBE 43/l 9 12.50 mL 4 PVA/ST/IBE 2 i 1 & £ i
PR R 4(22.97+0.68) MPa, WiZLHH % 34.50%:+
2.09%, HA RIFMII2EREE, SR AR
i BB N 80.26%+0.68% . 16.73%+1.20% Fl
(17.713£1.960)x10™"* cm®-cm/(cm?-s-Pa), [A %K
AT . 1A 00 78 B T RS R 2 AT B R
MR E - 54 td IBE Wik 12.50 mL AP
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