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Table 1: Natural bioactive compounds and encapsulation requirements in electrospun nanostructures

Type of Natural Key Biological/Functional . Importance of
Bioactive Compound Example Applications Intrinsic Challenges Encapsulation References
" . Very low water Enhanced
Curcumin ianaAnq:ll”l(;)t(cl)dan;n?in(:t{:lhcer solubility, photostability,  solubility, stability, (Deng et al., 2025)
Polyphenolic . pH instability and bioavailability
compounds ; 4 avidation limi Protection against ool
Resveratrol Cardiovascular Rapid oxidation, limited oxidation, (Giinal-K6roglu et
protection, anti-aging bioavailability controlled release al., 2025)
o Preservation of
Catechins Antloxrlgtaer::tt,igﬁllular pH and light sensitivity bioactivity during (Ayele et al., 2025)
Flavonoids P processing
Quercetin Anti-inflammatory, free Thermal and Improved stability (Nazarnezhad et al.,
radical scavenging photostability issues and bioavailability 2025)
Oxidative stress P Prevention of
Natural antioxidants Vitamin E reduction, shelf-life Omdatlg)r(] |nelr:ght and oxidative (Pran;%g%)et al.,
extension Y9 degradation
} Vitamin A precursor, High sensitivity to light Enhanced stability
p-Carotene antioxidant and oxygen and bioavailability (Flores, 2025)
- - - . Structural :
Carotenoids Lycopene Cardellﬁ?ig;gé%crtlon, Thermé‘;;ﬂfﬁ?ﬁt‘yw’ low protection, (de Fgggg)et al.,
controlled release
. - Photodegradation, Improved
Lutein Eye health, antioxidant oxidation functional stability (Arshad et al., 2025)
o Vitamin A Celleaﬁﬁrgr%rggune Light and heat sensitivity Proégc;trlgga%%ﬂnst (Sharma et al., 2023)
Fat-soluble vitamins Vitamin D Calcium metabolism Storage instability Enhanced (Majeed and Rather,
regulation 9 bioavailability 2025)
Water-soluble A Antioxidant, immune Thermal and oxidative Bioactivity
vitamins Vitamin C enhancement instability preservation (Guptaetal., 2026)
L . . - Reduced
: Antimicrobial, natural High volatility, rapid :
Thyme oil preservative oxidation ethxgggrgﬁg?—,“fe (Zhang et al., 2023b)
Essential oils Cinnamon Antimicrobial, Release control,
oil antioxidant Strong sensory effects flavor modulation (Zhou et al., 2025)
: Antibacterial, - P Improved
Clove oil antioxidant Light and heat sensitivity functional stability (Yeoh et al., 2025)
Menthol Flavoring, cooling effect Rapid evaporation Gradual release (Topuz and Uyar,
Volatile compounds Antimicrobial R . . . (Mohaﬁ%%)?s etal
Thymol antioxidant ' Oxidative instability Shelf-life extension 2025) '
L Oxidation
FOPrﬁ(/eD;——'S Heart and brain health Lipid O)f(llg\%'rgn’ of f- prevention, flavor (Paul et al., 2025)
Essential fatty acids 9 masking
Linoleic Lipid metabolism . - Chemical stability
acid regulation OX|f:1at|ve instability improvement (Kumar et al., 2024)
Caffeine CNS stimulation Rapid re]!_(f-:*aste, strong Dose C(I)ntrol and (Shavroggl;gya etal.,
Alkalaids Anti-obesity, anti e 18 258 )
Capsaicin infl ammatbry High irritancy Controlled release (Liuetal., 2023)
Blood . .
. . Biological
Bioactive peptides pressure- Targeted bioactivity Enzymatic degradation protection, efficacy (Chen et al., 2025)
regulating in digestion enhancement
peptides
- L Structure and
Lact of Antibacterial, immune Thermal and pH o
Proteins errin enhancement denaturation prgscélr\\i%on (Kumar et al., 2024)
- - Environmental Functional stability
Enzymes Biocatalysis sensitivity enhancement (Zhang et al., 2023a)
Sensitive bioactive - - Enzymatic degradation, (Przybyta et al.,
compounds Insulin Blood g-Iucose regunlatlon limited absorption Targeted release 2023)
Nisin Spo;L%gigitt)%c;ena Rapid release Shelf-life extension (Joy et al., 2025)
Natural antimicrobials L . Performance and ~
Chitosan Antimicrobial, film- Limited solubility release (Castro-Mufioz et al.,
forming improvement 2023)
Green tea Antioxidant, anti- - . Active compound
extract inflammatory Component instability protection (Yuan et al., 2023)
Wound healing, anti- . : Bioactivity :
Aloe vera inflammatory Processing degradation preservation (Liu et al., 2023)
Plant extracts
: Stability and
Ginseng Immune system Environmental efficacy (Yang et al., 2023)

enhancement

sensitivity

enhancement
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Figure 1- Parts of the electrospinning apparatus
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Figure 2- Mechanisms of Encapsulation of Natural Compounds in Electrospun Nanostructures
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Extended Abstract
Abstract

Electrospun nanostructures of fer a nanoscale matrix for encapsulating natural compounds. This process
uses an electric field applied to a polymer-solvent solution to produce fibers with high specific surface area
and controllable morphology. Electrospinning conditions help prevent degradation of sensitive compounds.
Thestability of natural compounds within fibers depends on solution properties, process parameters, and
interactions with the polymer matrix. A primary application is preserving antimicrobial and antioxidant
properties in food products, where compounds are gradually released from the fiber matrix to extend shelf
life. Thesame controlled release principle is used in drug delivery systems, maintaining active agent efficacy
over time. Composite structures such as core-shell, multilayer, aligned, and woven designs enable diverse
release pr of iles. In biological environments, the nan of iber's resemblance to the extracellular matrix
facilitates cell interactions, while incorporated natural compounds guide cell growth or differentiation. This
supports tissue regeneration and topical skin formulations, enhancing both active compound penetration and
stability. Accordingly, this review presents an analytical and comparative examination of recent advances in
electrospun nanostructure-based encapsulation of natural compounds, focusing on four key application areas:
the food industry and active packaging, drug delivery and pharmaceutical applications, tissue engineering
and biomedical uses, and cosmetics and personal care products.
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