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Overview of food encapsulation
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Theory of encapsulation technology

u TYPE®FMICROPARTICLES

Reservoir or
Microcapsule

Matrix or
Microsphere

Coated matrix

- has a shell around the
activeagent

- is also called capsule,
singlecore, mono-core or
core-shelltype

- active agent disperseo
into the carrier

- active agents are in
generalpresentalsoat the

surface

- active agent dispersed
into the carrier, but not at
the surface (additional
coating)




Theory of encapsulation technology
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CARRIERIATERIALS

Foodgrade

Biodegradable
Stableduringprocessingstorageand consumption
Differentsources/types

o Carbohydrategstarch,cellulose chitosar);

0 Proteinsandpeptides(gelatine,whey protein);
o Lipidbased (phospholipidsglycerolipidswaxes;
Differentorigins

o PFant, marineandmicrobial/animal

/CARRAG EENAN a

ARABIC GU J

Lgr X 1 —
y

&

H

" cHITosaN )




Theory of encapsulation technology

U ACTIVBMATERIALS

Pharmaceuticadlrugs
Livingcells(microorganisms/probioticiRNADNA)
Foodingredientsand nutraceuticals

Enzymes
Foodaromasandflavors
Spicesherbs
Essentiabils
Sweeteners

Vitamins
Minerals
Pigments
Others

Linoleic acid
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?FOO D *Active/core materialsmay be liquids, gasesor solids
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Food ingredients that require encapsulation

Type

Example Reason

' Flavors
@’

“ Zea..hjn 5 Bssential a-catbtene

Carotenoids

@< @ 7 Antimicrobials

Antioxidants
Liposome
Nutrient B il:l'ﬂﬂﬁ"e
Molecules "
FL‘P'[[I:IL‘H

Micelle
% OMigosaccharides

= and fibers

Bilayer Sheet

Citrus oils Allow incorporation in aqueous
medium

Facilitate storage and utilization
Retard chemical degradation
Control Havor release profile

Cssential oils Improve matrix compatibility
Facilitate storage and utilization
Retard chemical degradation
Mask off-flavors

Increase potency
Allow incorporation in aqueous
medium
7 Facilitate storage and utilization
Retard chemical degradation
- Increase efficacy
Cheolecystokinin Retard degradation in stomach
Reduce bitterness and astringency
Control release profile and
bioactivity
Chitosan Avoid adverse ingredient
mteractions
Improved product texture
Control delivery in G tract
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Food ingredients that require encapsulation

Type Example Reason
Mincrals [ron Avoid undesirable oxidative
rcaclions
Prevent precipitation
m\\;}""’:"‘g&z\ T Enhance bioavailability
NI Reduce off flavors and astringency

'MEEOE{?_&C ] Vitamins Vitamin D Allow incorporation in agqueous
o medium

Improve ease ol utilization
Prevent chemical degradation
Increase bivavailability
Bioactive lipids -3 fatty acids Allow incorporation in aqueous
medium
Improve ease of utilization
Avoid chemical degradation
(oxidation)
Controlled delivery in GI tract
{ Increase bioavailability

Avoid degradation in stomach
Improve cell viability in product

Probiotics
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Encapsulation methods

Coacervation

Polymerization
Spraydrying
Gelation
Extrusion .
chapSUIatlon Droplet freezing
Fluidized bed Spinning disk
Solvent
evaporation

B
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Choosing a microencapsulation method

Encapsulation process selection criteria:

U Core and shell material properties

U Gas/liguid/solid

U  Solubility

3 \[glesggiilty/ surface tension The process need to BEAILORED
_y_ according to the produc

U Reactivity

application

Capsule size and morphology
Capsule payload

Production capacity, scalgp potential and process cost
Release profile and mechanism

c: c: c: c: c:

Product stability

None of the existing technologies can be considered as a universally
FOO D applicable process, as individual food components demonstrate extren
Sta rs differences in molecular weight, polarity, solubility, stability, etc.
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Encapsulation methods

U Physical X Chemical

U Physical encapsulation

Physicaimethodsinclude encapsulationby
gravity-flow, centrifugal extrusion, spray
drying, spraychilling, spinning disk and
others. In general,a coating is applied to
the active material and then is dried to
obtain coatedmicroparticles

Chemical _enca_pSU|at|0n methods 'r_‘Clu_de Chemical Encapsulation Characteristics
coacervation(simple and complex),in situ |- Particle sizes of 0-500 microns

. : : S - High payload
polymferlzatlon, mte.rfac_lal polymerization, |~ = = sarticle size distribution
emulsion polymerization, layerby-layer |- scalability and high production capacity

deposition,liposomesandothers. - Batch production




Comparison between encapsulation methods

EHD Coextrusion
Stationary Coextrusion
Submerged Nozzle Coextrusion
Pan Coating
Vibrating Nozzle
Centrifugal Coextrusion
Fluid Bed Coating
Spray Drying
Rotating Disk
In Situ Polymerization
Solvent Evaporation
Interfacial Polymerization
Phase Separation
Simple/Complex Coacervation
Sol-gel Methods
Liposomes | :
Nanoencapsulation [ ]
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Size of encapsulated food ingredients

hair strand

carbon
nanotubes

atoms and
molecules

0,81 ym

spray-drying

Orange essentiabil (1.02um)

Particlesizeinfluencessensory
perception(grittiness
roughness, viscosityand
appearanceof foods

Consumer acceptance!
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x 100,000
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x 100,000

Single-walled Strand of Hair House
Carbon Nanotube 100 micrometers 10 meters
1 nanometer diameter diameter wide



Comparison between encapsulation methods

EHD Coextrusion
Nanoencapsulation

Centrifugal
Coextrusion
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Coacervation
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Interfacial Pan Spray Drying
Polymerization Coating Rotating Disk

In Situ
Polymerization

Batch Batch/Continuous Continuous
(g/h) (kg/hr) (tons/hr)

Capacity







