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Abstract

The oil extracted from Moringa oleifera seeds, rich in bioactive compounds, exhibits a wide range of
therapeutic effects, including inhibition of microbial growth, reduction of oxidative damage, and regulation
of blood glucose levels. Known for its antimicrobial, antioxidant, and anti-inflammatory properties,
Moringa seed oil was encapsulated at concentrations of 0, 2.5, 5, and 10% (v/v) in zein-based nanofibers
produced via electrospinning. The nanofibers were characterized using SEM, FTIR, XRD, TGA, and BET.
Morphology and diameter of the electrospun nanofibers were analyzed via scanning electron microscopy
(SEM), with fiber diameters measured using Imagel software. The antimicrobial properties of the
nanofibers were evaluated against Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa, and
Staphylococcus aureus using the disk diffusion method. The release study of the oil from the nanofiber
membranes was conducted in four different food simulants. The hypoglycemic potential was assessed by
incorporating the oil-loaded nanofibers into the diet of streptozotocin-induced diabetic rats. GC-MS
analysis identified the fatty acid composition of Moringa seed oil. Results indicated that the average
diameter of zein nanofibers increased with higher oil concentrations, peaking at 10% oil loading. FTIR
spectra confirmed the preservation of characteristic functional groups of Moringa oil in the nanofibers,
confirming successful encapsulation. Molecular interactions between the oil and zein altered the protein’s
secondary structure, reflected in morphological changes. XRD analysis revealed that the oil induced
structural rearrangements in zein, notably increasing a-helix content. TGA demonstrated enhanced thermal
stability due to intermolecular bonding between the oil and zein, though excessive oil weakened the
nanofiber matrix. BET analysis showed increased pore size but reduced surface area and total pore volume
in oil-loaded nanofibers. Tensile tests revealed significant improvements in strength, hardness, and stiffness
with higher oil content. Water vapor permeability decreased with oil incorporation. Encapsulation
efficiency reached 59.46%, 74.46%, and 82.93% for 2.5%, 5%, and 10% oil-loaded nanofibers,
respectively, with excellent storage stability. Antimicrobial assays showed optimal activity at 10% oil
concentration. Release studies indicated the fastest oil release in n-hexane (fatty food simulant), followed
by 10% ethanol (alcoholic/alkaline simulant), 3% acetic acid (acidic simulant), and distilled water (aqueous
simulant). Cytotoxicity tests confirmed the biocompatibility of the nanofibers with human fibroblast cells
(HFF). In diabetic rats, the nanofibers promoted weight gain but did not significantly reduce blood glucose
levels, warranting further investigation for diabetes management.These findings position Moringa oil-

loaded zein nanofibers as a promising candidate for enhancing food safety and functional properties.
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