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Abstract: Soybean protein isolate (SPI) is a biodegradable biopolymer. However, its application in the packaging industry has been
limited by its lack of antibacterial properties, poor mechanical performances, and deficient barrier properties. SPI/nano-ZnO (SZ) and
SPI/nano-TiO, (ST) composite films were prepared herein by the addition of different amounts of nano-ZnO and nano-TiO, to SPI. Furthermore,
various packaging properties of the composite films were compared to identify the nanomaterial more conducive to enhancing the properties of
SPI films. The results showed that the dispersity of nano-ZnO in the SPI film solution was superior to that of nano-TiO,. Moreover, Nano-ZnO
exhibits better compatibility with SPI and superior synergistic effects. The mechanical performance, barrier properties, and antibacterial
properties of SZ composite films were also superior to those of their ST counterparts (P<0.05). Compared to the SPI film, the SZ3 composite
film, containing 3% ZnO, showed a higher tensile strength. More specifically, tensile strength increased from 6.64 MPa to 18.33 MPa.
Meanwhile, the water vapor permeability (WVP) decreased from 20.63x107 t02.94x107 g-mm/(m’h-kPa), and the oxygen permeability (OP)
reduced from 3.32x10” to 1.54x10° g-m/(m?d-kPa). In addition, the composite films exhibited excellent antibacterial performance against
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Escherichia coli and Bacillus cereus, with a more pronounced effect observed as the nanoparticle concentration increased. Thus, both films

demonstrated considerable potential in the application of active packaging. Collectively, these results provide a theoretical reference for the

improved application of SPI films.
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Table 1 Particle size, zeta potential and PDI of SPI film,
SPI/TiO, and SP1/ZnO composite film solution

s ¥i42/nm w45 PDI

SPI  253.30+4.76" -30.73:0.45°  0.40+£0.02%
ST1  53630+4.27° -27.23+2.06"  0.41+0.03%
ST2  572.20+1.94°  -30.57+1.10°  0.37+0.06™
ST3  623.57+4.49" -31.70£0.70°  0.31%0.02°
ST4 645.93+589* -35.07+0.47% 0.35£0.01%
SZ1  20447+0.92%8  -33.30+0.79°  0.41+0.01°
SZ2  270.23+8517  -32.13+031%  0.37+0.01®
SZ3  300.87+7.22° -31.50£0.37°  0.38+0.05™
SZ4  389.90+6.39%  -33.27+0.55°  0.33+0.02*
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Fig.1 SEM of SPI film, SPI/TiO, and SP1/ZnO composite films
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Fig.2 FT-IR of SPI film, SPI/TiO, and SP1/ZnO composite films
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K, BiEREE, YK Tio, Mgt 2 (ST3.

ST4), YKL IR B R AE BT nm B2 ik PRI,
TSR EE AR B, 9K ZnO 1R R A 0EE, H
BABKMRMAN, ST m g S A LA
FH A5 K 5 40 B R 1 L B S P i LR P A
#<2 SPI SRS, SPI/Ti0, EA&HEHER SPI/Zn0 & HIENEE
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Table 2 Thickness and mechanical properties of SPI film,
SPI/TiO, and SP1/ZnO composite films

s BE/mm BRAPKE(E)%  ilPiRE(TS)YMPa

SPI  0.13+0.04 10.86+2.45° 6.64+2.248

ST1 0.13+0.03% 9.58+2.01° 15.09+5.17°
ST2  0.13+0.02°* 9.9942.04° 17.76£2.18*
ST3  0.14+0.03" 9.10+1.09° 12.41+0.68%
ST4  0.15+0.023° 8.40+1.79° 10.79+0.96<
SZ1  0.09+0.03¢ 18.11424.03 13.44+4.02%¢
SZ2  0.11+0.02% 11.75+4.91% 14.88+2.07%
SZ3  0.12+0.02°* 10.13+2.89° 18.33+2.74"
SZ4  0.14+0.06" 9.28+4.78° 16.18+1.75%

2.5 JEHIHIE M A

YT AEMREERN S, H@EKMEAEEMER
PIIE ZELERE, 2R SRR RIS AES . 8
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K TiO, #RREMS PR &8 1 L I AE S RE A
PR, X2 RN FR KR RES -5 8 1 TU
BONRGE AR, RUILE SRS S, @K
FEERS, Mgk Tio, MK ZnO FHERARE, 7
DIE K &40 B8R A TG TR X I §055), 5 RE
Oy R CURBEM B =AM EAE A, (KRR R 1)
BiEAIE K, B0 T E AR KR i ET
i, GUORREF I IR ARG, TR SRR
ZMARZE, I WVP BTt it L Ao [F 2
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A WVP KB, SPI/ZnO & IR /K A
LS, IXATREAR HT-49K ZnO YE N TCHLAH 7303550,
HEERGIE SPI Rk kA= S AN H /1555y FAH B
YEH, i B KPERE .

R 3SPI &, SPI/Ti0, E&HHEAN SP1/Zn0 £ &TEARAY WP 70 0P
Table 3 WVP and OP properties of SPI film, SPI/TiO, and
SP1/ZnO composite films
#5 WVP/[10? g'mm/(m>h-kPa)] OP/[10” g'm/(m’-d-kPa)]

SPI 20.63%0.50° 3.32+0.06°
ST1 5.530.12¢ 9.80£0.42°
ST2 2.96+0.10¢ 10.24+0.21°
ST3 7.13+0.17° 11.1740.37°
ST4 7.57+0.12° 12.10+0.21°
SZ1 4.90+0.39° 2.73+0.10°
SZ2 4.64+0.39° 2.17+0.06"
SZ3 2.94+0.07 1.54+0.22°
SZ4 5.79+0.21° 3.90+0.07*

SPI /i, SPUTIO, H &A1 SPI/ZnO & &
JESf) OP Wik 3 fiow, H T8 i 20 T-HEAI LL s
DRI () PH AR 22, AR 75 Tl . SPU/TIO,

A OP BEAK TiO, & & 134N, — B K,
XM Tk Tio, A SPI ERTHHAL T fLekM, H
RFAGK TiO, &R, 74T kRIS

(E 1. MAHET SPUTIO, B &M =, SPI/ZnO

A B AT, IETEZ AT R, 4K
ZnO REFEIFH S HHIMAMHLE A, HRIIE & RS
B15).

26 JEHCFIERE

F 4 SPI R, SPI/Ti0, E&TEAER SPI/Zn0 & & HIERIENBFHIE
Table 4 Color character of SPI film, SPI/TiO, and SP1/ZnO

composite films

Hfon L* a* b* AE

SPI  96.60+0.99° -3.00£0.45% 8.57+422%  9.85+4.25°
ST1 90.67+1.50° -224+0.52" 27.62+3.91® 18.41+1.51°
ST2 91.13£147° -2.16£0.71° 30.69+2.85° 18.15+2.67°
ST3 89.61+1.03° -0.56+126" 29.92+4.58" 17.32+1.83"
ST4 94.16+1.28* -1.95+0.96° 23.94+3.80* 18.45+1.35°
SZ1  95.15+1.40° -3.53+0.78 12.09+7.91¢ 11.37+2.91%
SZ2  94.07+2.01* -3.72+0.19% 13.90+4.37% 12.55+1.65°
SZ3  95.69+230° -3.39+0.22¢ 11.01+3.06° 11.22+1.92%
SZ4  89.52+5.66° -2.56£1.27™ 20.95+8.65° 16.30+3.79°

JeEAERE R EY RS YRR — N ERE, DY
R BRI NI RES FECE IR BN SN . B
b, AT LAV A RN,  EIR i e R
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JEER B RAFIEERE, T LRSS A sk
My, MEEGWEFRNMENRED ., axgE
-0.50~-4, BB T A 4T S 22 R N B A B
[P EG . b*{ETE 8~35, Ui BT 2V RR 1 B 2 3
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] REAE AR T 2% 1 i R o
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