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2. Electrohydrodynamic atomization
3. Electrospray
4. Electrospinning
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1. Core- Shell
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5. Self-Assembly
6. Phase separation
7. Template synthesis
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Fig 1 Schematics of the (a) molecular structure and (b) nanostructure, and images of the (c) micro and macro
structure of a self assembling peptide amphiphile nanofiber network.

V™

b mm

S35 ol s (6350 B Ll il J xS LB (g 4 Ll o
Desre HY] ool Sl Gl g, Se el

sl sl (b LUl s cnl 33 4 pamie oy 5T
ca_jy\_& 4 J_..;L« s ohamn CJ\J:.?J )‘ oslaiul O (gdmanw

(Comls) otz a5 slajlr L SO ol gt 5 s

Dissolution

Polymer
\nl\ ent y
femov 1I

"\ :
l.. Procous nanofibrous

siructure left behind

Fig 2 A schematic (2) of nanofiber formation by phase separation, and an SEM image (b) of nanofibrous structure
fabricated by this technique.
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Fig 3 Nanofibers obtained by template synthesis.
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Fig 4 Design of electrospinning process
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Fig 5 Schematic illustration of blend electrospinning.
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Fig 6 Schematic illustration of (a) co-axial electrospinning, (b) a stable deformation of ‘core and sheath Taylor
cone’ under the influence of electrostatic charges during co-axial electrospinning.
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10. De-emulsification
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Fig 7 Schematic illustration of (a) emulsion electrospinning, (b) de-emulsification process of the polymeric
emulsion under the influence of electrostatic charges during emulsion electrospinning.
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12. Cross linking 11. Layer-by-Layer Assembly
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Table 1 List of some biopolymers used in electrospinning (52, 53)

Polymer nature

Kinde of Polymer

Gelatin, collagen, elastin, silk, soy zein, gliadin,

Protein hordein, amaranth, casein, wheat, whey, marine sources
proteins
Polvsaccharides cellulose and cellulose, alginateChitosan, starch,
¥ , cyclodextrinsdextran, pullulan, derivatives
Synthetic Poly lactic acid , poly capro lactone, poly vinyl

alchohol, poly ethilen oxide
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Table 2 Food samples encapsulated and their applications (30, 41)

Category of food ingredients Applications

Used to assist in the development of color and flavor in meat emulsions,

Acidulants dry sausage products, uncooked processed meats, and meat containing
products
To prevent degradation during processing and storage.
Antioxidants To achieve control release of the components.
To enable the handling and processing.
To reduce the component interaction with othe ingredients.
To ease the handling process.
Colourants To offer improved stability, solubility.
To improve stability.
To ease the handling process.
Enzymes or To increase the availability of enzyme to the substract.
microorganisms

To enhance the viability of the microorganisms.

To facilitate the separation and recovery of enzyme.

To reuse the enzyme.
To increase the availability of enzyme to the substract.
To transform liquid flavorings into stable, free flowing powder in order to
ease the handling and processing.
To improve flowability and reduce hygroscopicity.
To prolong the sensory perception.
To improve stability.
To ease the handling process.
To prevent oxidative degradation during processing and storage.
To achieve control release of the components.
To control release the preservatives at the suitable time.
To ease the handling process.
To reduce the component interaction with other ingredients.
To control the deposition.
To reduce off-flavors.
To permit time-release of nutrients.
To enhance the stability to extremes in temperature and moisture.
To reduce each nutrient interaction other ingredients

Flavoring agents (such as oils, spices,
(seasonings and sweeteners

Lipids

Preservatives

Vitamins and minerals
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14. Docosahexaenoeic acid
15. 2,4-heptadienal
16. 2,4,7-decatrienal
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Encapsulation may be defined as a process to entrap one substance within another substance, thereby
producing particles with diameters of a few nm to a few mm. Due to the sensitivity of bioactive
compounds there are different encapsulation techniques. In recent years, electroencapsulation or
encapsulation using electrohydrodynamic processes (electrospinning and elcrospraying) which is a simple
and effective technique to preserve and increase bioavailibility of components, has attracted particular
attention of food and drug scientists. In this technique the electrostatic force is used to form charged jet
from polymer solution containing bioactive components. After that solvent is evaporated, ultrathin
structures are formed. The process is called electrospraying if the droplets are atomized in the electric
field and the capsule (bead shape) is formed. In the event of the formation of a stable jet and nanofibers,
the process is called electrospinning. Nanofibers have outstanding features such as high surface area to
volume ratio and high porosity. These features have led to the use of nanofibers for drug delivery,
filtration, tissue engineering, encapsulation of bioactive compounds, enzyme stabilization, as bimolecular
sensors and food packaging. This paper presents a comprehensive review of the fundamentals of
electrospinning to produce nanofibers suitable for food technology application particularly for use in
encapsulation.

Key words: Encapsulation, Electroencapsulation, Nanofiber, Electrohydrodynamic processes, Bioactive
compounds.
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