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1: Scanning electron microscopy (SEM)

2: Atomic Force Microscopy (AFM)
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Fig. 2. AFM images of 2D surface (a) and 3D topography (b) of chia seed mucilage (CSM) films with different

concentrations (2, 4, and 6%o) of cinnamon essential oil nanoemulsion.
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Imaging is a crucial tool for evaluating the structure of food
materials. Image processing encompasses two-dimensional
(2D) images of surfaces and cross-sections, such as those
observed with microscopy, and three-dimensional (3D) internal
structures obtained using confocal microscopy, computed
tomography, and magnetic resonance imaging. This research
utilized image processing to determine the hardness and
compactness of edible biofilms infused with nanoemulsions.
Chia seed gum edible films containing cinnamon essential oil
were prepared at concentrations of 2%, 4%, and 6%. Scanning
Electron Microscopy (SEM) and Atomic Force Microscopy
(AFM) images of the films were acquired. The AFM and image
processing results demonstrated that increasing the essential oil
concentration from 2% to 6% decreased compactness and
increased surface roughness, consistent with the image
processing findings.  Therefore, this interpretive image
processing offers a potential capability for determining the
compactness of edible and non-edible films in the packaging
industry.
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