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Contents

« Theory and principle of encapsulation
« Aims of encapsulation

+ 2 Major encapsulation techniques

* Ingredients

* Applications
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NUTRITION

Encapsulation has been defined as ‘the technology of packaging solid, li quid
and gaseous materials in small capsules that release their contents at
controlled rates over prolonged periods of time'.

Shell/ Encapsulant/ Coat Core/Bloactive Shll/Encapsulant/Coat

Resivoir type: Matrix type:
« Mononuclear capsules - Many cores embedded in a matrix

« Continuous core region surrounded by a « Particles or droplets dispersed in a
continuous shell shell matrix

Schrooyen P. M. M. van der Meer, R., De Cruf C. G. (2001): Microsncapsulatin: s applealion in nutron
Vistrup. P. (2002): Meroencapsulation of food ingredients

" INSTITUTE OF

NUTRITION

crveiol Uniesity

Aims of encapsulation

Protection - protect labile ingredients against
chemical or physical degradation, e.g, oxidation,
hydrolysis

Increase matrix compatibility ~ improve ability to
incorporate active ingredients into food matrices
Reduce undesired interactions between core and the food
matrices

Controlling Release - by pH, ionic strength,
etc.
Site-specific Bioactive Components

. reduce the evaporation or the
| Parceive gritty: uncontrolled release of core

« Hard and irregular shapes: »11-22 um mststista
~ Soft and round: > ca. 80 um

Mask off-flavors - improve
flavor profile by masking off-
flavors or aromas

4/7/2021
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1 T Bioactives o |18 the ingredient siable in current form?
‘ rutraceuticals T
| e o heaith | | N YES

¥
neapsulation and |

S .

sl - S—
Application and |
formutation nlo. |
final product

Fig. 21 Guide to decision making on requirement of delivery system {or stabilizo-
tion of food bioactives or nutraceuticals

systems fo edited by 2012

.
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Major encapsulation techniques ai

» Injection or Extrusion
» Co-extrusion

« Fluidized bed coating
« Emulsification

« Coacervation

« Spray drying

+ Spray cooling/chilling

" msTITUTE OF

NUTRITION

Injection technique

Small aliguots of a bioactive compound-biopolymer solution are
injected into another solution that promotes biopolymer gelation.

roe@e, -
i +® s linkir X
" Bioactive L
L g,
TR & '
LR

Purticle , Particie
Formation ) Gelation
N P—

Hydrogel
beads

Lapid Droplets Loaded
& Biopolymers Hydrogel Beads
Two-step process: Formation of nutraceutical-loaded hycrogel beads

D, MeClomonts / Food 68 (2017) 238-245

¢ NsTITUTE OF

NUTRITION
« Multivalent cations
* Enzymes Nutracoutical &
. Biopol;
« Heat-set or cold-set gelation e
Injection
Method

Gelling |
Solution

Nutraceutical-loaded hydrogel bead formation
using injection method

D.J McCtemons / Food Hydrocolloids 68 (7017) 238-245|
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generator 13 ]
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Srmatcets

et

Colcum Alginoe brods
Toncapsubatest baterb}

Encapsulated probiotics in alginate microbeads

10

Co-extrusion technique

The core passes through the center
tube, while the coating material flows
through the outer tube.

Solidify by Solidify by cooling.
lchemical, e.q. pH,| heating

11
INSTITUTE OF
NUTRITION
Producing beads/capsules
tormation
ie formation with a
12
', INSTITUTE OF
i
Hydrogel bead properties
« Composition
« Dimensions
* Internal structure
* Physical properties
* Retention and release properties
13
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Hydrogel bead properties: Composition

« Type of polysaccharides and proteins

« Type of method used

+ The nature of the biopolymers used to assemble the hydrogel beads will
influence the release mechanism of the nutraceuticals, e.g., simple
diffusion, swelling, or disintegration.

P u:amzzn tion
&

Simple

: Diffusion
Diffusion Diftusion

Nutraceuticals {molecules or particles) may be released from hydrogel beads through a number of different mechanisms.

D.J, McCloments / Food Hydrocolloids 68 (2017) 238-245|

14

Hydrogel bead properties: Dimensions

» Nature of biopolymers and fabrication method used
« Vary from a few hundred nanometers to a few millimeters
« Optical properties:

« Very small beads (/< 50 nm) -> transparent

« Large beads (o> 100 um) -> observed by human eyes

* Perceived mouthfeel
« Hard and irregular shapes: @>11-22 um
+ Soft and round: o> ca. 80 um
+ Movement rate due to gravity
+ Retention, protection, and release properties
« Largebeads -> Increase retention rate & decrease release rate & Stability

15

.
3 INSTIUTE OF

NUTRITION

Hydrogel bead properties: Internal structure

Depends on the packing of the biopolymer molecules within
the 3D gel network

Small & Large pores have a major impact on the retention,
protection and release of compounds from hydrogel beads.

Alter the pore size in response to
an external trigger (pH, ionic

strength, temperature) ;
Core-shell structure: Thickness & s

porosity of the shell { ‘
<l

Snalt Poves TrigEer

i

Nutraceuticals (molecules or particles) will be retained iftheir dimensions are
appreciably greater than the pore size of the hydroge! beads.

0. MeCiements / 2o 238-245
16
7 INSTITUTE OF
{ ) NUTRITION
Hydrogel bead properties: Physical properties
« Depend on type, concentration, and packing of biopolymer
used
+ Density, Refractive index and Rheology
+ Alter stability and functional performance of beads
17
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Hydrogel bead properties: Retention & release properties

« There are two main factors that impact the retention and
release of encapsulated substances in this case: pore size and

specific interactions.

Cureumia Reiease

1
Alginte Concentration (%)

(2esh et ol 215).
The release of curcumin-loaded lipid droplets from calcium alginate beads (after 24 h storage) decreased with
increasing alginate concentration, which was attributed to a decrease in pore size

| INSTITUTE OF
TRITION

v

Hydrogel bead properties: Retention & release rties

Encapsulated protein {
3

w

0

Ateractive feepulsive

D o
Fabrication pi
Nutraceuticals (molecules or particles) will be retained if there  The impact of preparation pH on the retention of protein in
i a strong enough attraction to the biopolymer moleculesin  calcium alginate beads (Zhang et al, 2016). The amount of
the beads protein encapsulated decreased with increasing pH due to

weakening of electrostatic attraction between the protein
molecules and alginate in the hydrogel matrix (Znang et al,
0.4, MeCloment (o1 238-265. 2016)

s
N msTTUTE OF

) NUTRITION

Hydrogel beads: Applications ~

* Protection of polyunsaturated fatty acids

* Protection of carotenoids

« Protection and release of curcumin

* Protection of probiotics

« Targeted or triggered release of nutraceuticals
* Modulating fat digestion

20
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Spray drying

« Spray drying is a widely applied o
method for obtaining dry powders from  [<:]
aqueous or organic solutions, b
emulsions and suspensions.
During the process, a spray dryer
atomizes a liquid feed into fine
droplets and evaporates the
organic solvent or water by means of a
hot drying gas.
4 steps
* Atomization of the feed
* Spray air contact BUCH Mini Spray Dryer B-290
« Solvent evaporation

+ Separation of the product from the drying
medium

21
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+ The most common encapsulation technique used in food
+ ltisan simple, and proce:

Water insoluble core
material L

Emulsification (O/W)

The mixture is then fed into a
spray dryer and atomized with a
ozzle or spinning wheel.

Dry |
Capsule L
22
"
e INSTITUTE OF
NUTRITION
Atomization
« Itinfluences the shape, the structure, the velocity and the size distribution of
the droplets and therefore, the particle size and nature of the final product.
«+  Great increase of the total surface area of the liquid and a higher heat and mass
transfer
+  The large surface exposure to the solvent free gas allows the droplets to dry
very quickly, with minimal loss of heat sensitive compounds
Two fluid nozzle | | Rotary atomizer Pressure nozzle | |Ultrasonic nozzle|
Commonly used atomizers
23
s 4N msmureor
) NUTRITION
Spray air contact R
« After atomization, the droplets
come into intimate contact with
the heated drying medium
« Arapid evaporation of the
moisture from the surface of
all the droplets is happening in
a uniform manner
« The most common and
economic drying mediumis air.
« Inert gases such as nitrogen
can be used to prevent risks of
explosion and to prevent ’
oxidation of sensﬁive products. Bl g of s Uy
24
* INSTITUTE OF
. . NUTRITI
Evaporation of moisture, A
particle shape formation and drying
 The removal of moisture from a spray droplet is the most critical step in
particle formation and is associated with the morphology of the final
product.
« The drying rate and type of particles being formed depend on:
« air temperature, humidity and transport properties
« droplet temperature, diameter and velocity
Evolution of the droplets' temperature during the
Tee spray drying of a liquid containing suspended solids|
25
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Particle separation

« The dry products must be separated
from the drying gas and collected.

+ The finer particles can then be
recovered from the drying gas by a
separation device.

« Cyclones are mostly utilized due to
their low cost and low maintenance
requirements.

Cyclone separation. The dashed arrow represents
the outer vortex while the ribbon arrow shows
the inner vortex

26

" INSTITUTE OF

) NUTRITION

Particle shapes and structures

« Key quality characteristics of a spray dried product such as particle
size distribution, flowability, friability, moisture content, bulk and
particle density are influenced by the particle morphology.

+ The morphology of the particles can be altered by optimizing
process parameters, such as inlet and outlet temperature, flow rate

of the drying gas or feed properties
O
(NS

\_/ | o%et k\‘j"

biiveled partich

Cormmon particle shapes and structures formed during K‘/ N
a spray drying process Lot

Hiailow patic:

27
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Spray drying: Applications

* Drying material
¢ Structural changes

» Microencapsulation: Flavor, Probiotics, Bioactive
compounds, Oil

* Amorphous solid dispersion

28

Selection of matrix & shell materia

7N msTTuTE OF
{ ) (Tl

Characteristics of matrix and shell materials
+ Solubility
« Emulsification property
* Film forming ability
« Viscosity
« Glass transition temperature
« Degree of crystallinity

29
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Poly sacharides (and derivates): &
- Starch and

- modified Starch i

« Amylose

- Amylopectin

- Dextring

- Maltodextring

. P

Plant exudates and extracts; 1 @ &
- Gum Arabig

- Gum Karaya

- Pecting

-
Proteins: ' @

- Casein and

whey proteins
- Gelalin

- Gluten

Microencapsulation - Main Matrix and Shell Materials

Microbial- or animal polysacharides: &
- Chitosan
- Xanthan
- Alginate

Ca

Fikn forming

Acids: @ . Emulsif

- Tartaric acis
Malonic: asis

Lipids @

- Fatty acds

- Fatty alcohols

- Waxes

- Phosphoiipids @ @

Synthetic (mainly for pharma)
Lutrol E127 (Poloxamen i @
- Eudragit (various) @
+ Polylacticacd PLA). @
- poiyliactic-coglycoke sod) (PLGA) &
- Kalidon (Polyvinyipyrrolidone PVP) @ &

30

Table 12 Voteriok o have ozen used os exagsosfor fooc apofcoton

J°\ INSTITUTE OF
“ ) NUTRITION
N enoan

Coating materials: forming a thin

ilosic materols
Sugers ond derivaves

Encapsulant materials film

Corbohydrales Proteins Lipids and waxes - Natural and synthetic polymer
Nefe sorches Sodiom cossingte Vegeoble s ondels DW::" "z "’: "‘"t"'iat! 0 '“
HpdFed sorchss Vihey prokins Hidragencte fos coatpdans shemetarEtie !
! i desired in final product.
Ressiont sziches [ heat proreing Polm steqriz
Motocerries Sy proteirs Comeuko wox

rigg 41U0S G
Died gt oos Gelains Bees vox Properties:
Gun oeeco e Shelioc
Kgres Hbirin tpdeghes Foodgrade
Pecks  Neutral taste
Conzaee
amogess « High solubility
Chioson
o * Low viscosity

+ Compatibility e.g.

inert toward core materials
« Cheap

« Non-hygroscopic

31
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NUTRITION
i
‘Table 1
Some lipophilic bioactive components that may be incorperated into foods and
beverages, and some of the health claims made for them,
Adopted from McClements et al 2010.
Name Types Patential putritional benefits
Fatty acids -3 farty acids, Heart disease, cancer, bone health,
conjugated linoleic immune response disorders,
acid, butyric acid weight gain, stroke prevention,
> ~mental health. visual acuity
Carotenoids f3-carotene, lycopene, Heart disease, caiicer. macular
lutein and zeaxanthin degeneration, cataracts
Qil-solubl Tocepherol: i Heart disease, cancer and urinary
antioxidants polyphenols tract disease
Phytosterals Stigmasterol, Coronary heart disease
{3-sitosterol and
campesterol
Oil-soluble Vitamins A. D Eye health, bone health, cancer
vitauins
Nutraceuticals Co-enzyme Q Hypertension, heart disease,
diabetes, cancer
McCkments and Li Adv Collog It Sci 2010
32
- Lee, S.J.. Rosenberg. M. (1999): Preparation
and properties of glutaraldehyde cross-
linked whey protein-based microcapsules.
containing  theophylline
- Lee, S.J., Rosenberg, M. (2000)
Microencapsulation of theophyline in whey
proteins effects of core to wall ratio
- Hogan, S., McNamee, B., O'Riordan, D.,
O'Sullivan, M. (2001): Emulsification and
A microencapsulation properties of sodium
lond delivery systems for caseinate/carbohydrate blends
tood Ingredients and . Schrooyen, P. M. M., van der Meer, R.. De
Cruif, C. G. (2001): Microancapsulation:
nutracedticals its application In nuttition
- Vilstrup, P. (2002): Microencapsulation of food
8ty i Lot w0 o ingredients
- Weinbreck, F., Minor, M., de Kruif, C. G.
(2004): Microencapsulation of oils using
whey protein/gummi arabic cacervates
nitp. b
00klD=2460
33
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