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Table 1. Free radical scavenging and total phenolic content of Moringa oleifera extract 1

o )bac cdilé (ppm) %RSD F s sluie(mg GAE/R)
50 3571+ 120 253+0.9¢
100 53.04+ 1.5 51.25+ 1.2
200 68.01 + 1.8¢ 87.5+1.5¢
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Table 2- Chemical functional groups of the extract extracted from the plant leaves Moringa oleifera
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VFigure 1. FTIR spectroscopy spectrum diagram of Moringa oleifera leaf extract
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Table 3. Evaluation of key physicochemical and functional parameters between free nanoemulsion and
nanoencapsulated emulsion of Moringa oleifera leaf extract

Parameters

Free emulsion

Encapsulated emulsion

Encapsulation efficiency (%) - 70.0 £2.5°
Release rate (%) 45.0 + 1.8 20.0 = 1.5¢
Zeta potential (mV) -2534+1.2b -35.2+0.82
Mean particle size (nm) 180 +5.0° 98 £3.2¢
Span index 0.7 £ 0.05" 0.45+0.02¢
D10% (nm) 140 £3.4b 80 +2.5¢
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Parameters Free emulsion Encapsulated emulsion
D50% (nm) 180 + 4.0° 100 £ 3.0¢

D90% (nm) 220+ 5.0 120 £ 4.0¢

Loading efficiency (for 15% treatment) - 7.5%

*Results are expressed as mean + standard deviation, and all experiments were performed in triplicate. Different
superscript letters indicate statistically significant differences at the 5% level.
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Figure 2 — Scanning electron microscope (SEM) images of the microstructure of a) free nanoemulsion of
Moringa oleifera leaf extract and b) microencapsulated nanoemulsion with a composite wall of inulin and gum
arabic
(magnification %4000, scale bar 5 um)
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Biosensors represent one of the most innovative technologies developed
in recent decades in the field of the food industry. By integrating
biotechnology, materials engineering, and data science, these systems
enable accurate, rapid, and cost-effective monitoring of food quality and
safety. Biosensors are designed based on sensitive biological elements
such as enzymes, antibodies, or DNA, allowing them to detect chemical

compounds, pathogens, and contaminants at very low concentrations.

The present study reviews the theoretical foundations, historical
development, and technological advancements of biosensors in the food
sector, and analyzes their applications in areas such as microbial
contamination detection, raw material quality control, supply chain
monitoring, and the development of smart packaging systems. Advances
in nanotechnology, micro-systems, artificial intelligence, and the Internet
of Things (IoT) have significantly enhanced the sensitivity of biosensors

and enabled their integration into intelligent monitoring networks.

Despite advantages such as high accuracy, low cost, and real-time
performance, several challenges remain, including biological stability,
commercialization, and industrial standardization. The future of this
technology lies in its integration with digital systems, biocompatible
materials, and sustainable production processes. Such an approach can
accelerate the transition toward a smart, transparent, and safe food
industry, contributing significantly to the achievement of global food

security.
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