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2. Fourier Transform Infrared Spectroscopy
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6. Water vapor permeability
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3. X-ray diffraction
4. Scanning electron microscopy
5. Thermogravimetric analysis
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7. Water vapor transmittance rate
8. Water vapor permeant
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Fig 1 FT-IR spectra of neat BSM film and
nanocomposite films containing ZnO and CNF.
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Fig 2 XRD diffractograms of neat BSM film and
nanocomposite films containing 8% ZnO and CNF.
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show the significant difference in the level of 5%.
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Table 1 Effect of ZnO and CNF on the mechanical properties of Barhang seed mucilage based
nanocomposite films.

Film sample Tensile Elastic modulus Elongation to
strength (MPa) (MPa) break (%)

BSM 3.77+£0.56° 13.68+1.26" 102.58+1.11°¢
BSM-ZnO4 7.23£1.11° 18.28+2.32° 39.58+1.00°
BSM-Zn0O8 4.40+0.98* 10.50+1.91° 67.71+0.98¢
BSM-CNF4 13.07+1.03° 29.34+0.89° 44.56+1.12°
BSM-CNF8  19.67+1.26° 32.30+1.45 60.91+0.92°

Different letters in each column show the significant difference at level of 5%.
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ABSTRACT

ARTICLE INFO

The aim of this research was to prepare a nanocomposite film based on
Barhang (Plantago major L) seed mucilage. Zinc oxide (ZnO) and cellulose
nanofiber (CNF) nanoparticles at the concentrations of 4 and 8% w/w were
incorporated for improving the morphological, structural, thermal, water
vapor permeability and mechanical properties of films. The FT-IR results
confirmed the occurring of new interactions between nanoparticles and
mucilage polysaccharides. XRD results indicated that the effect of ZnO on
semi-crystalline structure of Barhang film is higher than the effect of CNF.
The neat film has a smooth surface, but the roughness increased by addition of
nanoparticles. According to TGA results, the thermal stability of films was
affected by incorporation of nanoparticles, but the effect of CNF on
improving the thermal stability of film was more than ZnO. The addition of
nanoparticles at the concentration of 4% had no effect on the thickness of
films but by increasing to 8%, the thickness increased. Moisture content and
moisture absorption of films was also decreased significantly by incorporation
of nanoparticles. The water vapor permeability of films was dependent on the
concentration of nanoparticles and at 4%, it decreased significantly but at 8%
concentration, the permeability increased again due to the aggregation of
nanoparticles and their hydrophilic nature. The water contact angle of films’
surface increased by addition of ZnO but the CNF caused to decrease this
value due to its hydrophilicity. The effect of CNF on improving the
mechanical properties of films was better than ZnO. The CNF had the most
effect on increasing tensile strength, elastic modulus and elongation to break.
The effect of CNF on the improving of the barrier and mechanical properties
of Barhang seed mucilage based films was more than ZnO due to its better
compatibility. In general, this research indicated that the Barhang seed
mucilage based film incorporated with organic and inorganic
nanoreinforcements, has desired physicochemical properties and can be
introduced as a suitable candidate for food packaging applications.
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