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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)



Ve CM:..@:.LJ)] AR 093 NYY e)Lo...f:

e Jol bl ad Lol 3,08 1) e 00 e
W..k_.iwjr.hf?]ati.a&)aﬁéj)ﬁwb'\@m
A (el S35 A3 ¥ 5 V/0 ) GesdnST 3 50
Ot o= 3o ool by lons cdd 03530 J s
o L Js g Vst 0/ e 235015 peblis
SR Ll Dl plam 53 ais ¥ ke 4 5 LS LS| S 5
O G35 S50 el ¥ Sl s g 3 i S
53 0l CidS 5l e Lad s as anisliS bliss
soele YE Cd8 3l e 5 LA e, gl el
AL IS e 55 e K i B 1 M 5
el VA Clsd8 5l sy 5 Bud jeabe Ny o)y
YE e s ets ST ke O L i 2ot J o
O UK wps Sas B as S 515 bowe gles s el

PLA/PPy/1.5%Cu0O

1 PLA/PARi/1.5%Cu0Q

PLA/PARi/3%Cu0

| PLA/PPy/3%CuQ

bl U dosmih ol el SV s 55

Lol el ST )3 5L

Lhuﬁjj K b‘y—"
ke Sags ol o3 eslial 3) e e eslinal 5550 slse
S ) o L01R) Gacky @10) del STV Sl s
3 kST S3EE (OWT S ) T (Ol
R T (g B
33 eleed Slge ple 5 (OLIT (S 50) Ao 44 o

A g (0D ol L& 5 (OLD) S o 28,

SERES

SV IS 8 Ol 4l SV b g 2

PLA/PPy

Pure PLA

PLA/PAni

Fig 1 Polylactic acid film and its active nanocomposites containing PAni or PPy/CuO

laks Jlal Ol i S 3 S s Jame glos 53
Glos U oosl plawses 5 Ai w6 S jlo 6 Luyg
I doys s S Sis el YE S 40 10 0°C
2 My s M) s S alons 5 alslas Gl Lagld OF

[rr]latands ol 5 adsl 055 w5

M]_MZ %

Solub ility(%) = 100

!

C«-{Jb)—i—"

DF S 3 o Gladsed osby Ol Al ol
cele Y8 ode 4 (Yo °Cgles) S Sl (g5l

sl b 05l 53 wsad 2 51 (W) o8 /Y LS by e

A\E

Sl o-Y-Y

0 53 Jhoms e ,Sen Sl eslinal b lagksd & pei i
GRSl (s a5 e 5 Osal ) Wb a5l pslas db
Slwles s (..l.:.e o cilses bl culbis ke s S
S szl 350 T s 4 (6 pddsh 5 SOl ol
LYY] s 8

CdM-Y-Y

oM’ slalss sl 3 Wl O 53 b bl e
ol u:’.)}: Lgl.h&ﬁ e DAL 059 g LA&.‘) )'\ YxY
el YE QM@;JJM)j&}&«JhbgTJL:Jd\.:aOU:



nSlaedd ol (S5 sl S5 4l

1- ASample

AntioxidantActivily(%) = x100

Control
\.‘h&:f u.iﬂjﬁ‘ g"_..o}u.o 6; e}‘J.S‘—V—Y
aws 3 s (KUl caslie Ol ol S
s elizel (e ozl Victor, 86D) e s
3 ks s o S el ) ol b oliss s Sl
5 33 oty 5, 5l LSS Gl e s (2 S
[V 8

S eslaal L Uhrlré P12 W asJlaa—A-Y
(SEM) di'a.j) ‘53‘3}21” %Jjg.»}}ﬁs.a

Sboeslid boosk sk U bl la S5
Zeiss-EM10C- 80 KV) s sl 55 Sy Ko
Cegr b8 13 adlae 3y (OWT el
gl Gl sl Gl Lsasel silwerlal
O e 5 Al el 2ol e Ladisd lal dagld
Db 55 o KaS odd anSS S Jolie S
Mo Dhd b ladges S okl 50 @l oy S
osls

Sl ppsal 5 LAl o

[YV]s 5 plol ilzie sls o LS5

DSC) JJU" d“ﬁ".' LSJ; oyl N-4-Y

530 °C/min asle S LY e MG o 55 035 b bad gl

DL L&M},«U )\

e LS o by YVOC Lo e 63 doe
oS ol e 0pes L S35l T Lols )
Sl ool S Sl Gl Ll Sl ey el
. DSC Pyris 6, Perkin ElmerJu) o&s 5l Lol
Olge a0 J& asmmedl O b a2 eslizal (1K 60 ol
A bzl 355 sesl el Olge 4 S5l e
A Sy Jolmal Sie s Ay ar g L e S
AHp ) o3 J&T (TrlCless glosdTy °C) (glains
A g RS osll KT) a5 s 5 (/8

bk (S (sla S5 5 S e5h0-1 2
Stable Micro il JUT oews L 228 gl il
el (IS el TA-XT Plus Juw)Systems

ods by e slaghs Labasl elonil 51 3 03 8

11. DSC (Differential Scanning Calorimetry)
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Table 1 Physical and electrical properties of polylactic acid film and its active nanocomposites

\VA% o Electrical Antioxidant Moisture Solubility Thickness Film
(g s'm'Pa™) resistance (kQ) activity (%) content (%) (%) (um)

2.4x10°+£6x107? Nd** 10.56+0.49" 8.13+0.327 1.68+0.08°  0.127+0.003" PLA
1.3x10°+5x 10 134.6£6.9° 71.82+3.62° 9.72+0.28"  4.49+0.13°  0.141%0.004° PLA/PPy
8.7x107£1x103¢ 1656+66.9¢ 75.99+2.34° 8.77+0.37¢ 4.1240.51°  0.182+0.004° IXLS‘L:/{) gz(y)/
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
2.3x107°42x107 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° 20.19+2.62¢ 10.28+0.29° 6.63+0.18°  0.211+0.002° P}%Eﬁg/
7.8x107£7x10™ 11180+85.9° 26.99+2.93¢ 6.45+0.09° 6.45+0.73°  0.234+0.001° 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 acid film and its active nanocomposites
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Table 2 Thermal properties of polylactic acid film and its nanocomposites

X% AH,(J/g) Tw (°C)

T.(°C) T, (°C) Film

15 13.85
25 22.24
29 26.54
39 37.29
45 44.14

153
151
150
146
140

PLA
PLA/PPy
PLA/ PPy/3%CuO
PLA/PAni
PLA/PAni/3%CuO

120 58
95 49
91 44
87 40
81 36

= Pure PLA Ot
= Onset
k= . A4i7c_. Enthalpy
s 20.456047
1= S o amanp
= 0.21 16J7gK
= ]
L |
Vi
o {, MansMin
= \ 153.6C -0.062mwmg
=
=
=
3 PLA/PPY ~
Offsc! S
= Tssac
= Binsat >7 Enthalpy
o 137.4°C slzagaldia
= ~ N T R r P
A
PLA/PPY/CuO Av———
1B12C UIEmwsmg
Onset sz’ I —
) BesC . T T
B ~— s Nl { Enthalpy )
o N 16.93650 /0
\ ! delta-cp
\ i UBesiseR
o
[ Max/Min
150.1°C -0.491mW/mg

PLA/PAnNi Offset y
224.7°C _f
Onset
i 126.7°C - ,/' f
o e e 9Fhe
~L__ L
/ P
4 ! <
. i
/ /
a7t L] LS 0 s73emimo
. WEhe —
PLA/PAni/CuO X

A7 Enthalpy
- 5.7647379

delta-cp
0.39341 70K
dalta-cp

01675079k

Min
= 6 5°C 0 0BNmW/mg
e

/  MaxsMin
W 146.6°C -0.128mw/mg

Temperature (C)

Temperature (C)

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) (mm/min) (mm) Film
1482.3424.2% 120.5+4° 14.4+2% 10 3 PLA
1376.6+19.6° 11.7+1.3¢ 10.74+1.2° 10 3 PLA/PPy
1265.2£20.3°  21.4+1.4° 13.64+0.9° 10 3 PLA/ PPy/3%CuO
707.8+14.7¢ 7.2+0.9¢ 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%CuO

* 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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