Core-shell short nanofibers of sage seed gum-zein by coaxial electrospinning: Fabrication of hydrogel-templated aerogel as colorimetric indicator 
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Abstract

Aerogels serve as advanced freshness monitoring indicators due to their high porosity and low density, which enhance anthocyanin reactions with volatile nitrogen compounds. Various production methods influence their structure, including an innovative technique that employs short electrospun nanofibers to create intelligent aerogels. Core-shell nanofibers were synthesized using sage seed gum (SSG) and pomegranate peel anthocyanin as the core, with zein as the shell. The synthesis was evaluated at different flow rate ratios, analyzing thermal, structural, and crystalline properties, as well as solubility, contact angle, color changes at varying pH levels, and anthocyanin encapsulation efficiency. The results showed that following ultrasound treatment of the SSG solution, an increase in the flow behavior index was observed, while the consistency coefficient significantly decreased. Increasing zein concentration from 25% to 30% resulted in an increase in apparent viscosity and electrical conductivity, which rose from 71.4 µS/cm to 146.7 µS/cm. The incorporation of polyvinyl alcohol improved the electrospinning process, while ultrasound treatment reduced the surface tension of the SSG solution from 72.08 mN/m to 66.29 mN/m. Circular dichroism (CD) spectroscopy indicated an alpha-helical structure in zein nanofibers, with negative peaks between 238.5 and 239.8 nm. As zein concentration increased, the diameter of the core-shell nanofibers expanded at varying voltages; bead formation was more prominent at lower voltages, whereas uniaxial electrospinning yielded fibers with numerous beads and inconsistent sizes. TEM images confirmed effective encapsulation of anthocyanins within the core-shell structure, with SSG-zein nanofibers exhibiting a smooth surface devoid of beads. Diameter measurements from TEM correlated with SEM findings, while AFM images showed increased roughness for pure zein and SSG-zein nanofibers (QZ/QSSG= 3) due to enhanced hydrophobicity1, supported by higher contact angles with water droplets. XRD patterns revealed that peak intensity varied with increasing zein-to-gum flow rate ratios. Coaxial electrospinning improved both crystallinity and mechanical strength of the nanofibers. DSC thermograms indicated successful anthocyanin loading through a reduction in endothermic peaks; however, higher zein flow rates correlated with decreased anthocyanin loading and thermal stability. FTIR analysis showed shifts in wavenumber and peak intensity related to alpha-helical structures without peak removals, indicating uniform polymer distribution with physical chain entanglements2. As flow ratios increased from 1.5 to 6, water droplet contact angles rose from 69.5° to 108.5°, confirming enhanced hydrophobicity; pure zein fibers containing anthocyanins exhibited the highest contact angle at 113.1°. Encapsulation efficiency for anthocyanins improved from 87.11% to 96.17% as wall thickness increased, enhancing protective properties against leaching from the hydrogel3. 
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