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Table 1 The fabricated CMC-based bioactive film samples.

Samples CNF (% wiv) Inulin (% w/v)
CMC(1) - -
CMC/CNF2.5%(4) 2.5 -
CMC/CNF5%(9) 5 -
CMC/IN10%(5) 10
CMC/IN20%(8) - 20
CMC/CNF2.5%/IN10% 2.5 10
CMC/CNF2.5%/IN20% 2.5 20
CMC/CNF5%/IN10% 5 10
CMC/CNF5%/1N20% 5 20

CMC: carboxymethyl cellulose, CNF:
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cellulose nanofiber, IN: inulin.
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Table 2 Water barrier properties of CMC-based bioactive film samples.
Samples WVP(x10°g.m™.h™.Pa’)  Water contact angle (°)
CMC 2.08+0.17® 37.49+2.00°
CMC/CNF2.5% 1.62+0.06° 47.0242.15%°

CMC/CNF5% 1.71+0.08° 43.68+1.05%°
CMC/IN10% 1.7+0.08° 42.41+1.00%°
CMC/IN20% 1.56+0.04° 53.15+1.61°
CMC/CNF2.5%/IN10% 1.62+0.05° 40.09+1.27%¢
CMC/CNF2.5%/IN20% 1.91+0.09° 50.75+1.33%
CMC/CNF5%/IN10% 2.77+0.13 38.87+1.11%
CMC/CNF5%/IN20% 1.56+0.03° 55.03+1.42°

Data are expressed as mean = standard deviation (n=3) and different letters show significant difference at the 5%
level in Duncan’s test (p < 0.05); CMC: carboxymethyl cellulose, CNF: cellulose nanofiber, IN: inulin, WV/P: water
vapor permeability.
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Table 3 Mechanical properties and thickness of CMC-based bioactive film samples.

Samples UTS(MPa) ETB (%) Thickness(mm)

CMC 30.63+2.17" 30.88+2.02% 0.16+0.012"

CMC/CNF2.5% 29.27+1.24% 31.18+2.15" 0.1620.007f

CMC/CNF5% 39.76+2.08° 26.19+1.35% 0.20+0.003*

CMC/IN10% 15.93+0.08° 38.37+2.60% 0.17+0.002¢

CMC/IN20% 20.51+3.04° 41.45+2.61° 0.18+0.001°

CMC/CNF2.5%/IN10% 25.03+2.00% 40.96+3.23° 0.18+0.006°

CMC/CNF2.5%/IN20% 21.70+1.09% 39.48+3.05% 0.19+0.011°

CMC/CNF5%/IN10% 33.43+2.13%¢ 36.31+2.11%¢ 0.17+0.002°

CMC/CNF5%/1IN20% 38.28+3.02% 21.35+1.42° 0.18+0.012°

Data are expressed as mean * standard deviation (n=3) and different letters show significant difference at the 5%
level in Duncan’s test (p < 0.05); CMC: carboxymethyl cellulose, CNF: cellulose nanofiber, IN: inulin, ETB:
elongation to break, UTS: ultimate tensile strength.
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Fig 1 FE-SEM images of surface of CMC-based bioactive film samples.
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Biodegradable polymers have supplied most of common packaging materials because they present several
desired features. The purpose of this study was to prepare and investigate the physicochemical properties
of carboxymethyl cellulose based nanocomposite film containing inulin with three different
concentrations (0, 10 and 20%) and cellulose nanofiber in three levels (0, 2.5 and 5%). Thickness, Water
vapor permeability (WVP), Water contact angle, mechanical properties, field emission scanning electron
microscopy (FE-SEM) and X-ray diffraction were evaluated for film samples. WVP decreased with
adding cellulose nanofiber and inulin and water contact angle increased significantly (p <0.05). The
mechanical properties were also improved by adding the cellulose nanofibers. Whereas inulin had a
negative effect on mechanical properties by decreasing tensile strength (UTS) and increasing elongation
to break (ETB), this effect of inulin was compensated by cellulose nanofiber in the composite films
containing inulin and cellulose nanofiber. The FE-SEM and X-ray diffraction results showed that the
cellulose nanofiber and inulin were dispersed in the polymeric matrix and formed a dense and compact
structure in compared to the control film. Results showed that cellulose nanofiber and inulin improve the
properties of carboxymethyl cellulose based nanocomposites and the obtained film can be used as a new
choice in food packaging.
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