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1. Carboxymethyl cellulose
2. CH,-COOH-
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1. Water vapor permeability
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2. Fourier transform infrared spectroscopy
3. Differential scanning calorimetry
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Fig 1. Water vapor permeability (WVP) of CMC/PVA/FG ternary films at different ratios.
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Table 1. Thickness, tensile strength (TS) and elongation-at-break (%EAB) values of CMC/PVA/FG ternary films at different ratios.

(MPa) iciss cuwglio (1) Jab al381 usyo (MM) cwolsesd Aigo
TS EAB Thickness Sample
30.20 +1.91° 49.45+0.86" 0.053 + 0.001° 50CMC/50PVA:0FG
19.90+ 2.63° 55.21 + 4.31° 0.051 + 0.001° 40CMC/40PVA:20FG
15.91+0.21° 56.09 + 8.24 " 0.050 + 0.001° 35CMC/35PVA:30FG
9.83+2.21° 104.94 + 6.48 ° 0.048 + 0.001° 30CMC/30PVA:40FG
9.42 +0.28° 115.19 +5.75° 0.054 £ 0.09° 25CMC/25PVA:50FG
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Values are expressed as the mean + standard deviation. Superscripts bearing different lower case letters in the same column indicate
significant differences (p < 0.05).
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Table 2. Contact angle values of CMC/PVA/FG ternary films at different ratios.
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Table 3. Colour parameters of of CMC/PVA/FG ternary films at different ratios.

9y sl N
Colour parameters Film
wi AE b’ o L

29.71+ 1.45° 64.97+1.45° 4.70+2.37° 4.97+1.85% 30.09+1.43" 50CMC/50PVA:OFG
29.34+1.15° 65.31+1.16° 4.76+0.71° 3.32+0.52° 29.58+1.17° 40CMC/40PVA:20FG
24.47+0.19° 70.19+0.20° 8.71+0.33° 4.85+0.20° 25.14+0.18° 35CMC/35PVA:30FG
24.52+0.14° 70.14+0.14° 8.85+0.21° 5.03+0.08° 25.22+0.14° 30CMC/30PVA:40FG
27+0.58° 67.66+0.58° 8.01+0.77°  4.44%0.20°  27.58+0.51° 25CMC/25PVA'50FG
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Values are expressed as the mean + standard deviation. Superscripts bearing different lower case letters in the same column indicate

significant differences (p < 0.05).
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Fig 4. FTIR spectroscopy of CMC/PVA/FG ternary films at different ratios.
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Abstract

The present study was aimed to investigate the physical and mechanical properties of biodegradable ternary
films based on carboxymethyl cellulose (CMC), polyvinyl alcohol (PVVA) and fish gelatin (FG) at different ratios
(50CMC/50PVAG:0FG, 40CMC/40PVA:20FG, 35CMC/35PVA:30FG, 30CMC/30PVA:40FG  and
25CMC/25PVA:50FG) via a simple casting method. The results showed that adding different ratios of FG (20-
50%) to the control film (50CMC/50PVAG:0FG) significantly reduced the solubility and tensile strength of the
films, as the 25CMC/25PVA:50FG ratio has the lowest values; also, the moisture content, contact angle,
whiteness index, water vapor permeability (WVP) and elongation at break (EAB) of the films showed a
significant increase compared to the control (p <0.05). FT-IR spectra of different films showed interactions
through hydrogen bonding between the polar groups of FG and hydroxyl moieties of CMC and PVA in the
blends, which enhanced the compatibility between the three polymers. However, differential scanning
calorimetry results (DSC) indicated that the thermal stability of composite films reduced after the addition of FG.
The obtained results suggested the effectiveness of blending approach in improving the compatibility of
polymers and overall functionality of films.
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