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6. Escherichia coli

7. Staphylococcusaureus

8. Enterobacter aerogenes

9. Propionibacterium aerogenes
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1. PLA (Pply lactic Acid)

2. GRAS (Generally recognized as safe)
3. PPy (Polypyrrole)

4. PT (Polythiophene)

5. PAni (Polyaniline)
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Fig 1 Polylactic acid film and its active nanocomposites containing PAni or PPy/CuO
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11. DSC (Differential Scanning Calorimetry)

e

5o sl S el YE CsdS 5l e 5 S 0°C
Fss Bl Ll olg 05y Al (W) 58
23l Gb g cogb, Ol s S e I
Lye]as Sns

MC(%)="2""1 4100

Wo

Sl Sl 4 sy 3sa-0-Y
Sy 3kl GOl b 4 s addsd b oy
5 e  Lug  SASTM B9
055 ol s S eslinal ol o C)’Lpl Yool 0L
gl 5wy O Os SIS 0 S F s Ladls
SaS L sl 5SS Osds slaphsd dlws o Ladls
o sy 0Ll S bas (gl alli g Ol 8L
55 et IS P LA e 5l dagld Sl ()5 Aoy VO
CldS L e eoliznl 5w 2 Y °C gles
SRIBl e A (6,8 o3l ladls G55 ek Ol
Gtomwlos Sl 5 A ey Ol <3S L adls 05
O O Rl e L8
58S b s 4 dby e a byse 03y SRS b ol
Sl b dst Kal wwals Sl of Ul s e
Lilsy b (WVP) Of Jbw & s nddse s (WVTR)
[Ye] s wslows 5

LineSlope

- FilmSurfac eArea

WVTR
= x FilmThickness

Ap
JE{ KWK { - IRCINA ERITNPL S, B

WVTR

L S35 LS 5 b5 O3 pden 3l 0315 s 51 ULy
— S Y Y i sl 058 S5 Ol
238 15 e spse baphd Sl ojlas R SEE
b JGsl, bS5 olge aDPPHGE 0l ol
e g Sl s b5 Dl Ol 3 5 esli
WVAMg 5o Jsb (0l el Model T60 UV)
Aoy Sogpe a baekd Glest ST e boas o
aslbws 3 aly 31 el LDPPH  Swjissl

TARIEEYS

10. 2,2-diphenyl-1-picrylhydrazyl
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WVP Electrical Antioxidant Moisture Solubility Thickness Film
(gs'm'Pa™) resistance (kQ) activity (%) content (%) (%) (nm)
2.4x10°+6x107 Nd** 10.56+0.49° 8.13+0.327 1.68+0.08°  0.127+0.003" PLA
1.3x10°%£5%10™* 134.64+6.9° 71.82+3.62° 9.7240.28" 4.49+0.13°  0.141+0.004° PLA/PPy
8.7x107+1x10™¢ 1656+66.9¢ 75.99+2.34° 8.77+0.37 4.12+0.51°  0.182+0.004° IiLS‘E/{) ggg
4.5x107+8x10™ 277.6+13.3° 81.49+4.37° 9.0+0.1° 3.64+0.23%  0.233+0.001® PLA/ PPy/ 3%CuO
2.3x10°%42x10™ 3440+57.1° 16.91+1.29° 12.8440.41*  7.65+0.29a  0.154+0.003¢ PLA/PAni
1.8x107°+£7x107° 29020+225.2° 20.1942.62¢ 10.28+0.29°  6.63+0.18°  0.211+0.002° Pf%gﬁg/
7.8x107+7x10™ 11180+85.9° 26.9942.93¢ 6.45+0.09° 6.45+0.73°  0.23440.001° PLA/PAni/ 3%CuO
* Different lowercase letters represent a significant difference (p < 0.05) at a confidence level of 95%
percolumn
**Not detected
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Fig 2 SEM images of polylactic aéid film and its active nanocomposites
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Table 2 Thermal properties of polylactic acid film and its nanocomposites
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Fig 3 DSC analysis of polylactic acid film and its active nanocomposites
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Table 3 Mechanical properties of polylactic acid film and its nanocomposites

EAB

Speed With

YM (MPa) %) TS (MPa) (i min) () Film
1482312427  120.5+4° 14,4127 10 3 PLA
1376.6£19.6°  11.7£1.3° 10.74+1.2° 10 3 PLA/PPy
1265.24203°  21.4+1.4° 13.64+0.9° 10 3 PLA/ PPy/3%CuO
707.8+14.7° 7.240.94 8.1+0.8° 10 3 PLA/PAni
606.4+12.1° 12.6+1.2° 10.2+1.1° 10 3 PLA/PAni/3%Cu0O

* Different lowercase letters represent a significant difference (p< 0.05) at a confidence level of 95% per
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Due to the fact that the use of biodegradable films helps to protect the
environment, in this study, the physical, mechanical, antioxidant and
thermal properties of polylactic acid films containing polypyrrole, and
copper oxide were investigated. The results showed that due to the addition
of oxidant nanoparticles, the thickness of the films increased and their

Keywords: water vapor permeability decreased significantly. The solubility of the
Biodegradable film, films also decreased significantly with increasing the amount of copper
Conductive film, oxide nanoparticles. The resulting films showed less flexibility due to the
Nanocomposite, addition of polyaniline and polypyrrole, while their resistance to failure
Copper oxide, showed a relative increase. Antioxidant activity of polylactic acid films
Polypyrrole, containing polypyrrole / CuO and polyaniline / CuO showed a significant
Polyaniline. increase compared to pure polylactic acid (p<0.05). Pure polylactic acid
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film did not show any electrical conductivity, If the addition of polypyrrole
and polyaniline increased the electrical conductivity of the films, the
copper oxide nanoparticles also had no significant effect on the electrical
conductivity. These films can be used as biosensors in food packaging due
to their conductivity and suitable thermal, mechanical and water vapor
permeability properties.
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