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Subject’s national or worldwide context, objectives & research lines

Encapsulation technologies for essential oils (EOs) have gained significant attention
worldwide due to their ability to enhance the stability, bioavailability, and efficacy of EOs
in cosmetics, pharmaceuticals, and food industries. Essential oils, renowned for their
antimicrobial, antifungal, and anti-inflammatory properties, face significant challenges,
including volatility, instability, and sensitivity to environmental conditions. Addressing
these challenges is vital to unlocking their full potential in combating pathogens, preventing
spoilage, and delivering therapeutic benefits.
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The primary objective of this research is to explore innovative encapsulation methods for
essential oils and evaluate their antimicrobial potency, focusing on applications in
cosmetics and food. Three encapsulation strategies will be investigated:

1. Liposomal Encapsulation: This approach utilizes liposomes as biocompatible
carriers to enhance the stability and delivery of essential oils. The specific goal is to
investigate the encapsulation effectiveness of essential oil and to formulate a
liposomal gel. Parameters such as vesicle size, entrapment efficiency, and
formulation stability will be thoroughly evaluated to ensure optimal delivery and
performance?.

2. Incorporation into Hybrid Materials: The combination of EOs with clay-based
materials, such as mica and mesoporous silica (SBA-15), will be explored. These
hybrid systems are designed to achieve sustained release and enhanced
antimicrobial action. The immobilization of essential oils in montmorillonite-based
materials will also be studied, leveraging their synergistic properties for
applications in antibacterial and antifungal.

3. Nanoemulsion Development: Stable nanoemulsions containing EO mixtures and
surfactant blends (Tween and Span 80) will be developed. The study will focus on
optimizing the hydrophilic-lipophilic balance (HLB) and surfactant-to-oil ratios to
achieve desirable physicochemical properties, including mean particle size (z-
average) and polydispersity index (PDI). Response Surface Methodology (RSM) and
Central Composite Design (CCD) will guide the formulation process, ensuring
cosmetic grade nanoemulsion with excellent stability and antimicrobial efficacy.

The antimicrobial potential of these formulations will be assessed against key spoilage
bacteria and foodborne pathogens and fungi. Additionally, the physicochemical properties,
encapsulation efficiency and stability of these different entities under various
environmental conditions ensuring prolonged shelf life will be analyzed.

This research aligns with global efforts to develop sustainable and innovative solutions for
improving product preservation, safety, and functionality, particularly in the cosmetic and
food sectors. By overcoming the challenges associated with essential oil formulations, this
study aims to promote their broader adoption as natural, eco-friendly alternatives to
synthetic chemical preservatives, contributing to advancements in environmental
sustainability and public health.

Outcomes (OCs): What do we wish to achieve?

Optimized Encapsulation Methods:
OC1: Development of efficient encapsulation techniques for essential oils, including
liposomal systems, hybrid materials (e.g., SBA-15 and mica), and nanoemulsions.

Enhanced Stability and Bioavailability:
0oC2: Improved stability of essential oils under various environmental conditions,
including temperature and storage duration, ensuring prolonged shelf life.

Improved Antimicrobial and Antifungal Efficacy:
0C3: Effective inhibition of spoilage bacteria, foodborne pathogens, and fungi,
particularly in applications related to cosmetics and food preservation.

2 Wang et al., “Lecithin/Cholesterol/Tween 80 Liposomes for Co-Encapsulation of Vitamin C and
Xanthoxylin.”
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0OC4

Tailored Physicochemical Properties:
Achieving desirable particle sizes, narrow polydispersity index (PDI), and high
entrapment efficiency through formulation optimization.

0C5

Sustainable and Natural Solutions:
Promotion of essential oils as eco-friendly alternatives to synthetic
preservatives, aligning with global sustainability goals.
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