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Figure 1. The effect of studied variables at different levels (1, 3, 5%) on water vapor permeability.

Table 1 - Turbidity and water vapor permeability in the

film.
] Clumsy
Type film 600 nm mm™ )
PLA+CH 1.97 +0.19°

PLA+CH+ZnO NPs 1% 2.38+0.79 ¢
PLA+CH+ZnO NPs 3% 2.60+0.67°
PLA+CH+ZnO NPs 5% 3.48 +0.68 ?

PLA 2.06 +0.69 ©
PLA+ZnO NPs 1% 2.25+0.37°
PLA+ZnO NPs 3% 2.51 +0.78°
PLA+ZnO NPs 5% 3.42 +0.80°

Different letters in each column are due to the existence of
significant differences at the 5% level in the films.
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Figure 2. The effect of studied variables at different levels (1, 3, 5%) on turbidity.
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Figure 2. The effect of the studied variables at different levels (1, 3, 5%) on oxygen permeability.
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Table 2 - Oxygen permeability in films.

Filme Oxygen permeability
PLA+CH 2.08 £%0.12
PLA+CH+ZnO NPs 1% 1.26 +°0.09
PLA+CH+ZnO NPs 3% 1.240.21°
PLA+CH+ZnO NPs 5% 1.17 +0.06 ¢
PLA 1.66 +°0.17
PLA+ZnO NPs 1% 1.75 +0.02 °
PLA+ZnO NPs 3% 1.73+°0.21
PLA+ZnO NPs 5% 1.7 +0.04°

The different letters in each column are due to the existence of a significant difference at the 5% level in the films.
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Figure 1. Electron microscope images a) Polylactic acid-chitosan b) Polylactic acid-chitosan-zinc oxide 1% c)
Polylactic acid-chitosan-zinc oxide 3% d) Polylactic acid-chitosan-zinc oxide 5%.

Table 3 - Comparison of mechanical properties of films.

Samples a
(weight percent) E(MPa) 8y(MP2) eb (%)
PLA+CH 3100+210® 40 +3° 0.77 +1.8°

PLA+CH+ZNnONPs1%  2566+320°¢ 035%5%  073+1.4°

PLA+CH+ZnO NPs 3% 2680 +98°  31.6+3° 084+1.2°
PLA+CH+ZnO NPs5% 2446 +130-° 333+3° 076+1.7°

PLA 2501+180:° 29+3° 0.83+1.22
PLA+ZnO NPs 1% 2697 +£298° 374572 0.72+3.1°¢
PLA+ZnO NPs 3% 2762 +140°  35+3°? 0.78 +1.3°
PLA+ZnO NPs 5% 27214998  3443°  (079+14°

The different letters in each column are due to the existence of a significant difference at the 5% level in the films.
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Figure 3- Comparison of the effect of zinc oxide at levels (1, 3 and 5%) on the tensile strength of films.
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Figure 4- Comparison of the effect of zinc oxide at levels (1, 3 and 5%) on the elongation of films.
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Figure 5- Comparison of the effect of zinc oxide at levels (1, 3 and 5%) on the Young Modulus of films.
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Figure 6- Moisture percentage of seven-grain toast during 15 days of storage at 25 degrees Celsius.
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Figure 7 - Hardness of the texture of seven-grain toast during 15 days of storage at 25 degrees Celsius.
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Table 4 - Investigation of fungal growth results in different slices of seven-grain toast with different films at 25 ° C.

Intensity of fungal growth

(log CFu/g) The number of mold and yeast

Growth

Package type delay D ?y E; asy E; asy Ds %y Day 7 Day 15 Day 25

Control 2+03° 4+ 4+ 4 ek BLaa® 6.32 £0.03" *3'2‘8‘ :

pLA-CH 6139 4+ a4+ o ae L7200 3.9340.03" ig.gg )

PLACIHZIO  14313° - - " - N.D & -+ N.D £0.0°° ig:gg :
PLASIZNO 241220 - - - . N.D £ +/+° N.D 0.0 ® N.D £0.0 ®
PLASIZNO  2g131® - - - . N.D £ +/+° N.D 0.0 ® N.D £0.0 ®

pLA 622° o+ o+ areame L2% 0" 4.140.05° ’-'2'2‘1‘ :

PLACHZIO 14322 - - £ NDES N.D £0.0° e a
pLA-Zn03%  21+1.3° - - - + N.D £ /" N.D 0.0 N.D +0.0 2
pLA-ZnO5% 28 +1.3% - - - + N.D & /" N.D 0.0 N.D +0.0 2

No fungal growth, + fungal growth less than 25% of the surface, ++ fungal growth between 25 and 50% of the plate surface, +++ fungal growth

more than 50%.
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ABSTRACT

ARTICLE INFO

Nowadays, In today's world, the issue of food packaging to improve the quality of
food during its shelf life. In this study, the use of a film and a nanocomposite
coating based on polylactic acid and chitosan containing zinc oxide nanoparticles
was investigated to reduce microbial contamination and increase the shelf life of
seven-grain bread. Zinc oxide nanoparticles were added to the polylactic acid and
chitosan nanocomposite at three levels: 1%, 3%, and 5%, and the quality
properties of the bread, physical and chemical parameters of the film, as well as
its electron microscopy (SEM) characteristics were evaluated. The results showed
that the films containing polylactic acid and chitosan had an irregular and dense
structure, and with the addition of zinc oxide nanoparticles, the structure became
more regular and cohesive. Additionally, the water vapor permeability (WVP) of
the film and nanocomposite coating increased significantly at the 3% level of zinc
oxide nanoparticles, leading to a significant increase in water vapor permeability
(P<0.05). The results obtained from the texture analyzer showed that with the
increase of nanoparticle concentration, the tensile strength of the film and
nanocomposite coating were significantly lower than the control treatment
(P<0.05). The changes in length up to the breaking point did not show a
statistically significant difference (P>0.05). The effect of the nanocomposite film
based on polylactic acid and chitosan containing zinc oxide nanoparticles on the
microbial properties of the seven-grain test bread during the shelf-life period had
an inhibitory effect on fungal growth, and this inhibition increased significantly
with the increase of zinc oxide nanoparticle concentration (P<0.05). Finally, it can
be concluded that the shelf life of the seven-grain test bread in the nanocomposite
packaging based on polylactic acid and chitosan containing zinc oxide
nanoparticles will have a considerable increase compared to the control treatment.
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