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Abstract: Biodegradable soy protein (BSP)-titanium dioxide nanocomposite films were fabricated using a combination of ultrasonication
or photocatalytic pretreatment and a solution-casting method, and the effects of ultrasonication, photocatalytic pretreatment, and titanium dioxide
content of the film on properties of the composite film were analyzed. At a low titanium dioxide concentration (<2%), the scanning electron
microscopy (SEM) results showed that the titanium dioxide nanoparticles were evenly dispersed in the protein matrix, so that the
swelling-induced deformation of the film was reduced, and the mechanical properties, thermal stability, and antibacterial activity of the
composite film were improved. The data on intrinsic fluorescence spectra, Fourier transform infrared spectra (FT-IR), and X-ray diffraction
(XRD) confirmed that the interaction between protein and nanoparticles was mainly mediated by hydrogen bonding, and that the photocatalytic
pretreatment further strengthened the cross-linking between protein molecules and nanoparticles, thus the mechanical properties, thermal
stability, and antibacterial activity of the composite films prepared by photocatalytic pretreatment were improved as compared with those of the
films prepared by ultrasonication. Nevertheless, a high titanium dioxide concentration (>2%) promoted self-assembly of titanium
dioxide-titanium dioxide nanoparticles, leading to fluorescence quenching, worsening of mechanical properties, and an increase in
swelling-induced deformation. Soy protein/nano- titanium dioxide composite films prepared by photocatalytic pretreatment may potentially
become new green packaging materials with antibacterial properties.
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Table 1 Effects of TiO, content on tensile strength of soy

protein/nano-TiO, composite films

34N 5% Z /MPa
TiOy/% " —
#8543 KAl
0.5 0.76+0.09 0.91+0.07
1 1.18+0.03 1.54+0.06
2 2.56+0.05 3.39+0.07
3 2.20+0.06 3.08+0.10
4 1.10+£0.05 2.43+0.08#

R 2 EAERERE AR
Table 2 Effects of TiO, content on the elongation at break of soy

protein/nano-TiO, composite films

W 5L A &/,
TiO»/% - —
AR B AL 3R FpE
0.5 AR AR 86.62+4.93
1 69.70+2.62 82.20+4.15
2 75.53+5.51 110.15+5.53
3 83.1+4.87 94.39+5.77
4 62.43+5.32 71.48+4.41
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Table 3 Effects of TiO, content on the moisture content of soy

protein/nano-TiO, composite films
K& /% (MC)

TiO»/%

A2 432 At

0.5 24.9+0.6 17.3+0.8
1 26.4+2.4 17.0+0.9

2 29.0+0.7 16.4+0.3

3 23.0+0.4 20.2+0.2

4 22.9+0.6 19.4+1.4

*4 EERMAAMERISE
Table 4 Effects of TiO, content on soluble solids content of soy

protein/nano-TiO, composite films
T E B EE/% (TSM)

Ti0y% K paE AL
0.5 34.4+0.2 24.5+1.3

1 32.7£1.0 23.3+1.1

2 32.2+1.3 21.9+0.5

3 29.4+1.2 17.6£1.9

4 29.7£1.5 17.0£0.8
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Fig.1 Images of TiO,/BSP composite films
E: a~e DALRT 05%MMEENE, 1% M E 5

FAETE, 2%AABMCEATE, %ML AL, 4% M A
JBE; 1~5 2RI RT 0.5%A2 2 LATE, 1%48 5 LA AME, 2%
RF AW, 3%AE BAEIR, A%AR B I
x5 ERRNTERE
Table S Effects of TiO, content on transparency of soy

protein/nano-TiO, composite films

. 71':12 H}] E{(Asog/ mm)
TIOQ/% + -
A s KA

0.5 1.46+2.62 1.81+4.93
1 1.44+5.51 1.97+4.15
2 1.52+4.87 2.16+5.53
3 1.47+5.32 2.22+45.77
4 1.44+3.26 2.27+4.41
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Fig.2 Fluorescence spectra of nanocomposite films with various
BSP/TiO, ratios
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Fig.3 X-ray diffraction patterns of pure TiO, nanoparticles and

nanocomposite films with various BSP/TiO, ratios
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Fig.4 FT-IR spectra of nanocomposite films with various
BSP/TiO, ratios
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Fig.5 DTG (%/min) curves of nanocomposite films with various
BSP/TiO, ratios
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Table 6 Thermal parameters of nanocomposite films (with
various BSP/TiO, ratios) prepared by photocatalysis

measured by Thermal Gravimetric Analyzer TGA

KA
TiOy/%
0.5 1 2 3 4

] Td/C 85 78 70 62 55
ERERK Y% 7.69 8.87 91 914 938

S Td/'C 251 224 208 196 182
IR/ E/% 3591 3013 3011 26.53 24.05

S Td/'C 292 299 309 315 301

EUREH K/ % 414 5078 529 4772 5142
TG 600 C/% 1724 1552  17.67 21778 2293

®7 BEERERNOAES N

Table 7 Thermal parameters of nanocomposite films (with

various BSP/TiO, ratios) prepared by ultrasonication

measured by Thermal Gravimetric Analyzer TGA

FAEL
TiOy/%
0.5 1 2 3 4
1 1 Td/C 89 83 85 81 81
WRBARE/% 848 1112 1263 788 10.15
M Td/C 244 222 226 246 229

IR EHM%E/%  31.88 31.15 3198 3219 33.52
] Td/'C 273 304 304 297 299

WG A% 49.14 5443 55.16 5416 55.15
TG 600 ‘C/% 11.55 1553 1528 1732 1838

27 BAFEW R

FER R P e B R (TG) #EH T H
K 5 AR, 7E 25~600 CE v A & A I H B
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B P U N 28 S5 BEAS T H Ak S R
o TR R, W T E R . T B AE
270~370 ‘CYGHIN, WIREZH 4K S 8 E AN
KRRLI A . BEAE TIO, S =g, Sa AR K
I i A 2 0, B TiO, KRR nT 5 2 &
AR AFRE M. NS 600 ClE, BEE TiO, &
=N, FRAEWEEEN, BY TOo, &R
2%, HMELESIRFRTERN 17.67%, M~
AT A RN 15.28%, HE—HAEsL T ik
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Fig.6 SEM micrographs of the surface of nanocomposite films

(with various BSP/TiO, ratios) prepared by photocatalysisf
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Fig.7 SEM micrographs of the surface of nanocomposite films

(with various BSP/TiO, ratios) prepared by ultrasonication
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Fig.8 Antibacterial effects of nanocomposite films with various

ratios BSP/TiO, against bacterium E. coli
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