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. Hydrodynamic

. Hydrogels

. Toughness

. Aspect ratio

. Food and Drug Administration
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. Young's Modulus
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1. Formulation
2. Biomaterial
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3. Staphylococcus aureus
4. Escherichia coli
5. Brain Heart Infusion

YAO

@l Al Rl S bd B dsb I, el
[VYOY] 0Les 5 Zhou e 5 Li Ly glie
sl o (i el Tioy s 56 A el
shhe U 31 S e G5U e 81 ol sas I8
Pl 2 el v (Ghiaas! s s elise)
U eop e ks Suobl 5 S okl
oslizal o5lys glodd Ol 55158 0SU Ll ol 4 S
5 St ol SO s eiS Olsea 0T Olojes
S S ol edds L) OlesiS Lae nS 5 S o sa
Cleosas Lol s 53 alin Li w5 o
Sise Gl bl (m3pelS 5L S glagkd 632018
S ol S5 eVl e AnSIs £l 5 Saish s
2 Ti00 5 cuoymeise oy gL byl 3 ziy
(il p gy e 5 DK, Gos ol
5 Sidsose (osd s i JEl sle) ol
553 5 o bt Gk gy 5 gk law | 1S 5 5
allae Lol Ciua [Ve] el 4 S 15 axdlas 540 axli
Lo e bS5l 255l 50 slagls wg 50>
Cige ool Fkas osle Ol siS Jte oS 52,8 5l eslinal
=S5 A sl 6l eSIs il 380 5 aishse
Sloyar  sn 5 S Ao Sl Ll
Lo siselsl slapdd lasin oy olend p5 50
ool i s XRD 5 SEM ol&ass 5l o3linl
(il anl Ol (O 3 Laphd (5 ndudMoull (SIS
Lo clad pman 5 Ol 4 ol (6 p i3 i Ol e

DA o s o s el 5l laphd s S

RO

l.a:u.‘oj) 9 g0 =Y

LaolKus 3l g0 —\-¥

oo S 00 Sigma Aldrich «s & 51 ol g
Southern clay s & 5l MMT-Na") cuisl ;e 5o
Evonik GmbH cs & 5l .sksansl olssb s
ol = e sl VY Sls sl o3lul o Sle L Degussa

4.1..,«.7.- )\ OK..:»JLA)T B oslarul 340 )i'.’.) )\jﬁ TR

1. Morphology
2. Topography
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Fig 1 SEM image of nanobiocomposite film (a) without TiO, and (b) in the presence of TiO, nanoparticles
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Table 1 Antimicrobial results of nanocomposite films prepared with TiO, nanoparticles

Mean Colonies of

Mean Colonies of

Sample Ti0, (%) Staphylococcus aureus (x10%) Escherichia coli (x10°)
1 0.0 7.4+0.02° 5.1+0.01°
2 0.5 2.840.01° 3.420.01°
3 1.0 1.4+0.01°¢ 2.2+0.01°
4 2.0 0.10.01° 1.10.01°

The different letters in each column indicate a significantly (p<0.05) different by Duncan's multiple range tests
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In this research, an antimicrobial bionanocomposites based on carboxymethyl
chitosan biopolymer-montmorillonite nanoclay was synthesized in the
presence of titanium oxide nanoparticles. Investigation of surface morphology
images with scanning electron microscopy (SEM) shows the rough and
heterogeneous surface of nanocomposites in comparison with pure
carboxymethyl chitosan. The results of the XRD test showed that the diffusion
of nanoclay in the presence of TiO, nanoparticles changed from full sheets to
between layers sheets. The addition of TiO, nanoparticles caused a significant
increase (p<0.05) in turbidity in nanocomposites. The effect of TiO,
nanoparticles on reducing the amount of Gram-positive bacteria of
Staphylococcus aureus is more than the effect of TiO, nanoparticles on
reducing the amount of gram-negative bacteria of Escherichia coli. By
increasing the percentage of TiO, nanoparticles, its efficacy in removing
colonies of both bacteria is increased. Water solubility and Vapor permeability
of nanobiocomposite films decreased with increasing weight percentage of
TiO,. The tensile strength of the film containing TiO, nanoparticles is more
than the tensile strength of neat carboxymethyl chitosan film, which is
statistically significant (p<<0.05). The study demonstrated the high potential of
bionanocomposites in preventing the growth of pathogenic bacteria and
showed that such packages could be used to increase the shelf-life of food.
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