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Enhancement of water resistance in casein films with organic acid cross-linking under alkaline condition
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Abstract

This research aimed to improve the water resistance of a casein protein film, a promising biopolymer for
biodegradable packaging that is limited by its high hydrophilicity. The study investigated a combined casein
modification strategy involving organic acid cross-linking (citric acid, malic acid, or succinic acid) under
alkaline condition. Sodium caseinate solution (5%, w/v) was prepared under alkaline condition (pH 12) with
3% acid (by protein weight) and glycerol as a plasticizer, then cast into films. The results showed that water
solubility decreased from 81.26% for the control film (pH 7) to 25.72-30.51% in the modified films. FT-IR
analysis revealed shifting of Amide | and Amide Il peaks to higher wavenumbers, indicating secondary
structural changes and protein reorganization into a denser network under alkaline condition. This
reorganized structure was stabilized by cross-linking bonds, resulting in increased water durability.
Furthermore, all film formulations retained good oil resistance (KIT Rating 12). This research confirms that
combining alkaline condition with organic acid cross-linking effectively enhances the water resistance of
casein films.
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Fig. 2 Schematic diagram of the solution casting method used for the preparation of casein films.
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Table 1 Visual appearance of casein films and color values (L*, a*, b*, and AE) prepared under different pH conditions and with various
cross-linking treatments.

pH 12 + 3% Citric pH 12 + 3% Malic pH 12 + 3% Succinic

pH 7 (Control) pH 12

Acid Acid Acid
L*: 32.44+0.99b 31.57+1.80p 36.08+2.79¢ 31.47+1.30p 24.55+0.372
a*: -0.17+0.11¢ -0.40+0.19¢c -0.22+0.15¢ -1.02+0.282 -0.54+0.10b
b*: -0.32+0.53 -0.44+0.68b -1.47+0.282 -0.37+0.65° -1.98+0.502
AE: Standarda 1.83+0.76b 4.10+2.26¢ 1.57+1.09p 8.08+0.40d

*MeansSD in the same column followed by different superscripts are significantly different (p < 0.05)
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Fig. 3 FT-IR spectra of control and modified casein films: (A) Full spectra and (B) Peak shifting of Amide | and Il bands in the 1700-1500
cm'™ region.
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Mechanism of Casein Structure Modification

1. Native Micelle (pH 7) 2. Unfolded Protein Chains 3. Cross-linked Network

Sodium caseinate

a,-casein
B-casein K-casein

+ Alkaline

Calcium (pH 12)
Phosphate

+ Organic Acid
Cross-linker

Fig. 1 Schematic diagram of casein structure modification: from native micelle unfolding under alkaline
condition (pH 12) to network formation via organic acid cross-linking.
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Fig. 4 Water solubility of various casein film formulations.
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Table 2 Oil resistance (KIT Rating) of casein films.

Note: Green dots () indicate passing the respective KIT rating level.
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