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Laboratory-based research: the 
developed works are based on 
information and solutions that 
increase the competitiveness 

and the sustainability of national 
agriculture.

Protein/Polysaccharide Bilayer Films: 

Production, Properties, and Interactions

• Bilayer films are a strategy for combining proteins and polysaccharides;

• It was possible to produce bilayer films on a semi-pilot scale;

• The charge and nature of proteins affect the affinity with CMC;

• The adhesion is governed by electrostatic forces.
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Continuous Casting

Production of biopolymeric bilayer
films by continuous casting

Effect of nature and charges 
between 

CMC and protein layers

Biopolymers as an alternative to 
petrochemical plastics

Gelatin or Casein

Carboxymethylcellulose

Natural polymers with 
properties of interest

Transparent,
 self-supporting

  and continuous films
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Gel pH3/CMC

Casein
Ζ= -14 mV

CMC
Ζ= -10 mV

Gelatin (pH 8)
Ζ= -10 mV

Gelatin (pH 4.5)
Ζ= 0  

Gelatin (pH 3)
Ζ= 8 mV

The nature and 

charges of proteins 

influence the 

intermolecular 

interactions and 

matrix cohesion
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CA/CMC Gel/CMC

The interactions are governed by 

electrostatic forces, as the 

charges of the proteins modulate 

the affinity with the CMC

The gelatin layer had 

better adhesion to the 

CMC layer than casein
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Mechanical performance 

and water resistance are 

affected by the nature and 

charges of proteins
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