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1. Ultrafiltration
2. Sigma Aldrich
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4. Sputter coater
5. Energy dispersive x ray
6. Cryo-ultramicrotome
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Fig 1 SEM image of nanocomposite 5% silver nanoparticles surfaé‘(top right) - SEM image of nanocomposite 7%
copper nanocomposite surface (top left) - TEM image of silver nanoparticles (bottom right) - TEM image of copper
nanoparticles (bottom left)
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Fig 2 X-ray diffraction result from nanocomposite containing copper nanoparticles
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Fig 3 X-ray diffraction result from nanocomposites containing
silver nanoparticles
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Fig 4 EDX test of silver nanocomposite cross section (top diagram) - EDX test of copper nanocomposite surface
(bottom diagram)

GASSSE 3 bl Caolt Glis mhu s gl
b o2Ser (gl ls Koo gl 02S) Jlab O35S
3505 Lags SU s3ladleb 2 s Sl slans 3T J s slaes S
0L oSy s T SIS, W5 b e 350
55 0 DNA 0us o5 505 5 Wy Osmlinsl da >
A0l b Slides wsdS OUL sk s [VA]
Ao 3o Sl sl syl SE s Seds
L5850 0l 5 s sems 5 Bioleny slas ,SL )
el 0l el gl sl G Oy Sl sy
Glapks 3l s 4 TOA Jl s OLKes Barani
LLlast s padilis 5 0,8 D3 U gymme 05508 5L
Y/0 5 V/0 «+/0 ol pas 4y 0,8 $U Loy 0 5V ) glads s
Sao o d5 Je oo b edd A5 LSt (65 psilis Ao
Caolt L3l S 5 sy G sl dd (g Bk
oS el BT 5 Sews Ll osesl 58 Ao
s AU bl 5 sl S Sshslind aendlS s s
L eslizal a3l 3 al sl fo] 5 eSS LS
Y/0 ol on 4y 6 5l Ao 3 0 (g g S 5ls 0L S
b (S 0les Ste il 53 o LT (65 0 pliS Ao
Sy e 3, Ve e il Stle a3 £ sles 53 e s
6> paslid 5 o8 Db U e gl clile Sl e
Sar el ey oo Ay S8l o (gbslne b 4 LS
5oyt doys 0 gsle i a5 Cles dls a3 oS
S wES e Llsh e el A VO

WAL BTt 3 e oo VOIE L pslsl oSS bl

;;ZJJS?‘ Ao byji s E-Y
Jsdr 53 slome 51 Gl ol e 4 A5 pts s s (Sl
Gl SU s 5l cwles Al o Sl .ol 0l 4l )
Atz il s ATCC 25923 srisl o sSsS slislend
5548 shiles  Llods &1y e e e ,ATCC 25922
oSS bl ams cl wad Ol 0 S
5ok Old el e il LoeS sls ol by 5elS 50
Solsgme b 4y A, ple Al s ey 5lS 60 55
eSSkl 5 ALl i Sla 5SL laciS e o
S 5alS 5L s 45 PSe/20) el 4Bl il Bl sty
pde s b s S3SE L ebie 3 0,8 S sl
D0 0)55 i ol g b 4 bads s eled js A,
o Somd sl s bilelg S A, pde s
o 9o Sl il SU el s AT s S
S e AL e SL 4 Cand il glado s 5o
2GSk s s e dls kS Ol Ced 4 )
a5 58 $U 31 A o8 Sl 8L (sl glacy 5 s0elS 5L
Ly ke Wl kLS s g e LSt sl
S g 4 G o0 ¥ 5) e 5L lacy 500l 50
o B eSS0 5 BTl Sl SL s
255 Dl me oLl Bl & wslisl eSS plslen s 1S
SLls o, Ad Ol iy o jkiles (0 JS5) (p=4/00)

Sl ik s s YL L S A ol

35 Aoy )

6}3§J§.ibl>}i|judjzslgdbl.ﬂ;u&6bﬁmﬂjﬁydw\



Ve J\.)J,A AL 092 AY e)Lo.:a

055 5 JlS sladshe b o B3l dacy s pels 56
oA sa g S s anils Ol xes slacds s
M\:uJﬂwdj)f&J}W&wjoJLQb)‘yb
)‘ QL.Z..:J»‘ J‘ASCAJ‘:)‘]; J‘*-il a:szA)JCA:.MQlﬁAJ
s w3l sl 1558 80 sla i eslinal OIS
sAhmed [V]col oll 0 sadsle gl 055 s
b o) L el b sttty 3 & (gladliae 5 01, Kan
4 oo C»».Z}f XN 0,37_:-)]: J"""L"‘j oJE.';j U Qb)fl.:
Gol slcoiselS 5L ol adlas s [A] Wl
Kes b M_)\J uﬂ.»L..«\ 9 eJEJ EE il 6@.«\—.&))
a3y j5 595 Aoy ;\Jf.::dl.w a5 WA gles s 55 xS
Sl S ade 5 VL oo Sl ool 5 Lus W
A SUsleS 5 pase 4 Migelle st e byt
Loy 00 uﬂ.a—ajsj Loy ¢ L;;l;- V.L;.é Oesma ils
Sb ol & Ol e sy sles 53 5, YV U e sls
5 paase A sl o 0dd o3I a3 S s S
3O M s s okd bl i SThslees
Y WRW =l Ll ey allas 35 & pimen 5
G gl L SuSS (lily L3 o i Sy glS L
5 il oSl Caol Ll s LS e ol
)64)},«\5}\) éugﬁdﬁ jeJL—JMA Qb:yb .Ja..,.v}.? ol
Sl Caolt b Jl gt 3 Lol eslizal ol

sl

il 5 e S WYV U iSKIN LlilS 5 e s
wom b alie addlls OF s [Ve] 55 e b VWV Ll
2 S A5 e, DLSSE a8 sy ol G
Wolon dmils STy 3l 5 waiysl esSaSalilid ade
S » YV dle s 0LKes SAISIdA Lu s oS idss
b e s ol g o8 D3I 5 S S ol
o1t olnilVeronica amygdalina o3 o lac 3 eslizal
AL a3 e o ,i D3 oy Sads Dell am s
e IS gy 3 AL 5 s s sS shSle]
G Gl o, 3 st Ay 5l il dla b o sl oL
GAL e s R e W sl eSSl
s e D AN P

Goiowd b alin lames (8] s 2l sl of a8 oS elslen]

Ql_}n.a O‘i‘ oS

Ly S g oeE b3 s ) edd el
03 s UL s sl eSS hle] o S
Gl lS 5t S Y Jl s olKes JROY s
doys 06 ) slie 53 eymesd D3l oS5 L g mid
S ASe3Nl Ogeil bt 5 s W5 055581 s b 5
G ,SL 55 ey s 0,8 Sl Ly Sl Coiles dla b
o ol sl el 5 AL il slsl eSS ]
Goos ol 53 s e JVASY0 g TVST0 00—EVY (o
A3 5 s el plnl Gt alie lalyjsalS 5L A5 55
S eslizad s 4 Yl o356 4, Sl coiles alls 5L
Ogoil s ol 035 aoiin sb & iy el O30
Soobist WS Rl W4 sl Olzln vitro

Table 1 Mean and standard deviation of the diameter of the inhibition of bacterial growth in the research
study (in millimeters)

Escherichia coli Staphylococcus

Nanocomposite type with

aureus composition
1.6+0.289° 2.8+0.289° Nanocomposite 1% silver nanoparticles
3.54+0.5¢ 6.1£1.041° Nanocomposite 3% silver nanoparticles
5.8+0.289¢ 8.1+1.041¢ Nanocomposite 5% silver nanoparticles
7.5+0.5° 9.8+0.289° Nanocomposite 7% silver nanoparticles
0.3+0.577* 1.3+0.577% Nanocomposite 1% copper nanoparticles
1.1+0.289" 2.5+0.5" Nanocomposite 3% copper nanoparticles
2.1£0.764° 4.8+0.289¢ Nanocomposite 5% copper nanoparticles
4+0.58 7.1+0.764" Nanocomposite 7% copper nanoparticles
0+0° 0+0° Control coating without silver and copper nanoparticles

Different lowercase letters in each column indicate a significant difference between the results of the same column
and each other.
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Fig 5 Mean diameter of inhibition zone of Staphylococcus aureus bacteria (right) and Escherichia coli (left) Silver
and copper nanocomposites in millimeters (excluding disc diameter)
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ABSTRACT

ARTICLE INFO

The most important application of nanotechnology in the food industry
is the production of active packaging with antimicrobial properties,
packaging with special mechanical properties in terms of gas and heat
exchange and nanosensors in intelligent packaging. The aim of this
study was to investigate the antimicrobial effect of silver and copper
nanocomposites on Escherichia coli and Staphylococcus aureus.
Nanocomposites containing silver and copper nanoparticles in 1, 3, 5
and 7% percentages were produced by extrusion method and were
subjected to nanometric analysis. Then, the antimicrobial test of
nanocomposites was performed on commercial strains of
Staphylococcus aureus and Escherichia coli by measuring the
inhibition of growth in the culture medium. The data showed that the
size of copper and silver nanoparticles was in the range of 20 to 50 nm
and the dispersion of nanoparticles on the surface of nanocomposites
was uniform with high purity. Antimicrobial test of nanocomposites
showed that with increasing the percentage of nanoparticles, the
diameter of the growth inhibition of nanocomposites increased
significantly and the rate of inhibition of growth of silver nanoparticles
was higher than copper (p<0.05). Staphylococcus aureus was more
sensitive to copper and silver nanoparticles than Escherichia coli
(»=<0.05). The results of the present study showed that silver and copper
nanocomposites with high antimicrobial properties can be used for food
packaging.
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