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PROPOSITOS DA ENCAPSULAGAO

» Encapsular produtos bioativos para:

» Imobilizacao

»Protecao

»Controle da velocidade de liberacéo
» Estruturacao

» Funcionalizacao




18/11/2020

» Imobilizacéo:

Host Guest Inclusion complex

Aromas e 6leos essenciais

Stirred Tank Packed Bed Fluidized Bed Air-lift
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Gas outlet
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Products
Air Sparger

Ex. Bactérias lacticas, Enzimas, microrganismos

Enzimas

»Transformar liquidos em sdélidos:
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> Protecao:

Ex. Revestimento entérico

‘

Enteric-Coated Non-Coated

Acidic stomach
destroys 80% of
placenta ingredients

20% available for
absorption in
intestine

- Vitaminas (T, umidade e calor)

- Sais minerais - Mascarar Sabor e Odores

» Controle velocidade e alvo de liberacao:

Controlled sustained release
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Various types, sizes,
chemistries, states etc.

*® -
Proten assemblies .:_K‘,{ /"o
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.} Emulsion-based systems

® .
Corbotwdrate  'ny

complexes w

Mixed particulate
systems

Impact after ingestion?

Efficacy?
Physicochemical fate?
Biological fate?
Safety?

™~ Ex. Aspirina e AINEs

» Controle velocidade de liberacao:

Dynamic biocide loading and release

§ Hazards 4 Protection

s N

[ Carrier

Controlled release kinetics

Biocide

* Technical grade biocide
® Biocide in single component particle
¥ Biozide in mixed components particle

Biocide release (%)
(4.
(=]

o

Time (h
. N Vs

.

Agro-industrial
Applications

Ex. Pesticidas, fertilizantes, suplementos animais, etc
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> Protecéo e Controle velocidade de liberacao:

Fig. (1). Schematic diagram of microencapsulation process.

> Protecéo e Controle velocidade de liberacao:

Figure 11.5. Insect repellent microcapsules on fibre surface(source: Devan Chemi-

cals).
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> ENCAPSULACAO NO COTIDIANO
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Hydrochloride

Liposome

Injection
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ENCAPSULATION TECHNOLOGIES

Polymeric nanoparticles and nanocapsules

Solid lipid nanoparticles, Nanostructured lipid carriers
Cyclodextrin complexation

Liposomes “phytosomes”

Emulsion, microemulsion,nanoemulsion

Proliposomes

Dried emulsions

Co-crystallization

lonotropic gelation (e.g. alginate based)

YVVYVVVYVYYYVYY

Micro and nangﬁ'bers

Nanocapsulas

. e Nanoesferas

Nanoparticulas Poliméricas

Nanoparticulas

Lipidicas Sdlidas Ciclodextrina

- Micro e nanofibras

Fulerenos Nanotubo de Carbono

Nanoparticulas
Metalicas
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Coacervation

Encapsulation technologies to delivery polyphenol compounds

Emulsion
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Macro-scale %
Micro-scale Tt
Meso-scale 'v%
-scal A =
Nano-scale [nm] 2!
Granules
1 10 100 500 1000 5000 10000 10° 107
Protein-based Micells & nano-assemblies Protein hydrocolloids Hydrogels

delivery systems

25

Micro- & nanoemulsions
Q0
e_0
e® o

Organogels

Lipid-based delivery

systems .ss PR
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Starch microcapsules, alginate beads ~ Carbohydrate films

Ca rbohyd rate-based Amylose inclusion complexes,
% cyclodextrins
delivery systems
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PRODUCTION PROCESSES

* Pbysicochemical processes

lonotropic gelation
Emulsification methods

Simple and complex coacervation
Solvent evaporation

Interfacial polymerization

Cyc]odextrin comp]exation

YV YV VYV VY

Sol- gel process

10
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PRODUCTION PROCESSES

* Physical processes

> - spray drying,

> - spray chilling/ cooling / congealing

> - spray freeze-drying

> suspended state methods (spouted beds, ﬂuidized beds, wurster
system, rotary fluidized bed)

> milling and micronization

> supercritical fluid based process (RESS)

> microfluidization and high pressure homogeneization

> electrospinning e e]ectrospra)/jn(q

Physico - Chemical Physico - mechanical
Processes Processes
Coacervation (2 — 1200 um) Spray-drying (5 — 5000 um)
Polymer-polymer incompatibility Fluidized- bed technology
(0.5-1000 um) (20 — 1500 um)
Solvent evaporation Pan coating (600 — 5000 um)
(0.5-1000 um)
Encapsulation by supercritical Spinning disc (5 — 1500 um)
fluid
Co-extrusion
Encapsulation by Polyelectrolyte (250 — 2500 um)
multilayer (0.02 — 20 um)

11
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Physico-Chemical
Processes (cont.)

Chemical Processes

Hydrogel microsphere

Interfacial polymerization
(0.5-1000 um)

Phase Inversion (0.5—5.0 um)

In situ polymerization
(0.5-1100 um)

Hot Melt (1—1000 um)

PROCESSOS DE FABRICACAO
» Gelificacao covalente e ionotropica

Sodium alginate

solution

Gelling bath

Ungelled droplet

//Z Cj.%y? )
.%_)&5

Gelled droplet
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» Gelificacdo covalente e ionotropica

Sodium
alginate
solution

l'Vibration

Electrical
potential

Gelling solution

Jetcutter
rotating disk

e

» Gelificacdo covalente e ionotropica

(A) Extrusion-dripping (B) Coextrusion-dripping
External gelation External gelation
Oil dispersed into Concentric
alginate solution \ nozzles
&)
[ C o .
) -
L
o o

@ oi CaCl; solution @ Alginate gel

(C)

Extrusion-dripping

Inverse gelation

EJ

i+

Alginate solution @ Oilicaicium chloride emulsion
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PROCESSOS DE FABRICACAO
« Coacervacao Simples

(a) ocil-in-water simple coacervation

Clove oil PVA in DI water Addi 1 of dium
~ Homogenized
BN\
g \ N
GA: Solugdo de Glutaraldeido Crosslinked PVA-GA shell
| E PVA &b L
o o i | < . | 2 Centrifuged
R o o o T + Q e e T freeze dried
o o (@) + " o

(= o acetal linkage

Clove cil () Clove cil-loaded microcapsule (COMC) . PVA

(b) Grafting process
Crosslinked COMc-nylon fiber
Electrospun Nylonfabric

COMCS and DMTMM:

Nanomaterials (Basel). 2017 Jul; 7(7): 179. Published online 2017 Jul 10. doi: 10.3390/nano7070179

PROCESSOS DE FABRICACAO
» Coacervacao Complexa

Hardener/cross-hinker
Slmph coacarvation

o O

Mardening o

_Second pelymer Hardener/cross-linker
é Complex coacervation

Coating Hardenng
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e Emulsdes, microemulsdes e nanoemulsdes

Flgure 6: App p between micro and nano

Particle size 11020 mm 1and 100 nm 1 and 100 nm

Formation Mechanical shear Self assembly Mechanical shear

Stability Thermodynamically  Thermodynamically Stable Kinetically stable/ metastable, thermodynamically unstable

unstable, Kinetically Long shelfife
Stable
Phases Biphasic Monophasic Monophasic
Viscosity High Low Low (about 1 ¢P at room temperature)

e Emulsdes, microemulsdes e nanoemulsdes

oil

R

Water

Noa-pelar ;‘
tal Surfactant \!\;;tg\g
Moleeule \g

] Polar bead Biocontinuous

L, Water-in-oil microemulsion

microemulsion 60

Water

Water 0 10/1 20 30 40 50 \ 60

L,: Micelle and

oikin water microemulsion .
H,: Hexagonal

liguid crystal
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e Emulsdes, microemulsdes e nanoemulsdes

oil
L)k SO
= )

Water M 9,/ & 95 BTN %K —_—
M) S S ave Creaming
Coarse Fine
emulsions emulsions Phase

separation

Ostwald ripening

» Particulas Lipidicas Solidas (SLN) e Carreadores
Lipidicos Nanoestruturados (NLC)

£

DRUG
NCORPORATION

S
i 5
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* Métodos de fabricacao

,/ (a) high energy methods
power density=10% 10" Wikg

macroomulsion

. e

v B o -
e

A=

high prosswo
hamogenization

[;‘.':;!
e |

-

/ Nanoemuision

\\% ) ultrasonicaton
‘/(b) low energy methods
{ powear dansity=10-10% wikg
waler watar
dilution

e e

pont (E1FP)
‘r>th »

Coo(mg
" wio \A I I
| macroemusion 'l Invefslon

me Inversion
tempernture (FIT)

> I

dilution

amutsion mversion

.',.'_" o ',._f) /' N _- .
'i ’ NANCHIMIERION

witer

surfactant

PIT

oll

17



18/11/2020

* Ultrasound processing

PROCESSOS DE FABRICACAO
 Emulsdes Pickering

Passive Pickering Stimuli-responsive
emulsion release Pickering emulsion release

0‘0
‘ : Magnetism

‘

pH

‘ A« Temperature

18
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PROCESSOS DE FABRICACAO

« Emulsdes Pickering

~ ' O/W emulsion stabilized O/W Pickering emulsion )
& by molecular CD/oil stabilized by CD/oil
nanoparticles

complexes

PROCESSOS DE FABRICACAO

« Evaporacao do solvente

A A
I
%= Rt I}
Drug + polymer in l\ — L | e
organic solvent BNV J °
' - ' — ® e’
ool o, oollog °°®,°%
o (’400 o l>l<l°° ®
Continuous phase 2 0 0 7 . 0 O
(aqueous) O/W emulsion  Solvent evaporation . Kecovary Of.
Micro/nanoparticles
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PROCESSOS DE FABRICACAO

» Polimerizacao interfacial

Core material | — . — . -
[, — Q0 OO
S o -.O -

Prepolymer -

Figure 15.6. Diagram of the in situ polymerization for liquid core materials.

PROCESSOS DE FABRICACAO

° PO | | mer | Zag éo | N terfac | al Ativo + mondmero (isocianato) + Surfactante +

catalizador (ou agente de cura — trietanolamina)

Fig 1. Schematic diagram of the possible formation mechanism of pirimiphos-methyl/polyurethane microcapsules.

20
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- 1

Shell

Fig 8. The SEM images of pirimiphos-methy] microcapsules after release.

Inclusao molecular

0.57 nm

° .0 60+

Jh‘

2

N-sulfamoyloxazolidinone

P-CD/N-sulfamoyloxazolidinone

o
- @0

complex
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Fig.2-1. Schematic representation of cyclodextrin inclusion complex
formation. p-Xylene is the guest molecule, the small circles
represent the water molecules.

* Podem ser usados para aumentar a solubilidade de compostos insoluveis, estabilizar
compostos sensiveis a oxidacao, controlar volatilidade e modificar sabores e odores.

@ Olco essencial livre OO Tensoativo

PB-ciclodextrina livre ; A
" \_" Polimero hidrossolivel

2+ [P Complexo dleo esencial:B-ciclodextrina

22
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METODOS DE FABRICACAO

Método de Co-Precipitacéo
Malaxagem

“Slurry”

Evaporacao do solvente
Secagem em spray-drying
Liofilizac&o

Fluido supercritico

* Liposomas e proliposomas

Tarin « Ammonium Sulfate
q ., 1mgiml
DOPE ° @‘-
CHEMS * 5 © L ORGANIC (4]
PEE N % Chlorolorm4EVAPORAT|0N REHYDRATION
o 6 Lipidic film
urp  Qoreanic soLvent D) I ( Overnight
COMPONENTS

Ogonication 1 min

4

€—CULTRACENTRIFUGATION dp-PEXTRUSION. mentrane pore sz

0.2 ym

5},\‘“‘“‘ fa) (b) (c)
; e 47918

R

(a) Multilamellar vesicles (MLV) (b) Large unilamellar vesicles (LUV) (c) Small unilamellar vesicles (SUV)
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PROCESSOS DE FABRICACAO
« Solidificacdo de material fundido

Spray Chiller

Air
output

Cyanocobalamin =
(purity — 98%) Peristaltic
pump

AR
Vegetable fat Melted vegetable fat 2 i\

65°C i “
- >4 ¢ m—p f ,_w [—3
_). ey Cooling

Soy lecithin

i, -'. o
g

- I 1

| Solid Lipid Microparticules |

«
Stability Study | <

Emulsificacao por membranas

. - -

24
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Fig. (7). Particles produced by membrane emulsification coupled with; A-B) complex coacervation (core-shell
particles); C-D) solvent diffusion (biodegradable polymer particles) and E-F) drying (inorganic particles).

Fonte: Piacentini, E., Dragosavac, M., & Giorno, L. (2017). Pharmaceutical particles design by membrane emulsification:
reparation methods and applications in drug delivery. Current pharmaceutical desian, 23(2), 302-318.

PROCESSOS DE FABRICACAO
Microcanais (microfluidics)

oil

water-

(b}

25
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PROCESSOS DE FABRICACAO
Microcanais (microfluidics)

PROCESSOS DE FABRICACAO
» Eletrofiac&o (electrospinning) - Micro e nanofibras

electrospinning process

High Voltage , = a 7 T—?’T

br solution

26
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* Micro e nanofibras - Aplicacodes

Electrospun
Polymeric Nanofiber

 Micro e nanofibras - Curativos de feridas cronicas

Electrospun Membranes as ideal wound dressings %’.

Antimicrobial Agents

Growth factors

Epidermis

-

J Provide moist enviroment
Bormits J Allow gas exchange
‘/ Avoid bacteria infiltration

J Deliver bioactive molecules

Hypodermis Exudate

27
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 Micro e nanofibras - Curativos de feridas cronicas

Liu, Y., Zhou, S., Gao, Y., & Zhai, Y. (2019). Electrospun nanofibers as a wound dressing for treating diabetic
foot ulcer. Asian Journal of Pharmaceutical Sciences, 14(2), 130-143.

* Micro e nanofibras - Tecidos inteligentes - EPIs

28
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» Eletroatomizacéao (electrospraying)

Collector

Ring Electrode

Electrospray Particles

Polymer solution

Syringe Pump

Syringe & Needle

High Voltage
Power Supply

Alehosseini, Ali, et al. "Principles of electrospraying: A new approach in protection of bioactive compounds
in foods." Critical reviews in food science and nutrition 58.14 (2018): 2346-2363.

Eletroatomizacéao (electrospraying)

Multi jet mode

Micro-dripping mode Cone-jet mode

Figure 3. Common modes of electrospraying process.
Colfapsed Particles

—
I - -

Alehosseini, Ali, et al. "Principles of electrospraying: A new approach in protection of bioactive compounds
in foods." Critical reviews in food science and nutrition 58.14 (2018): 2346-2363.

Spheres Bead Fibers Fibers

Suiseany] a¥eyjop

Flow Rate Increasing

—_—
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Micro e nanofibras - Tecidos repelentes de insetos

Figure 11.4 Nanofibres with insect repellent microcapsules (source: Ghent University).

PROCESSOS DE FABRICA(;AO
* Processo Sol-Gel

o'

SeCayenastarde o1
P .
Heat -
/‘ Xerogel film Dense Film

Wet Gel

Dense Ceramic
Coating

l

Hydrolysis X /
Polymerisation /
l Gelling
Uniform Particles N
— Extraction
O 00O

of Solvent

Sol Spinning

Furnace
_ Ceramic Fibres
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Processo Sol-Gel : Stéber process
Precursor: Tetraethyl orthosilicate, TEOS

EtO
EtO

+H-0 \\Li—-—OF| '"~§q:0
EtO -EtOH /

EtO EtO EtO OEt
\\Si..-OEt EtO

E10 'TEOS" \

OEt +H20
-EtOH
l OEt OH

HO
EtO\\E\;i/ Si—o_ /

* Processo Sol-Gel

OCH;

Hs~—Si-OCH; B sf

OcH; s 1N HCI
‘ Al ey A\ /S Ag S\~ + MeOH
(MPTMS) 5 s

5

: | Si Si
(Organosilane s § 5’,_0\5/l o/ 2. s 34

precursors) % 8 sf\ A \OMe's s
Stirring, 72h Sv-’) - e BN
o Sias (Al S\rSi | OMe
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NS S\ % f i
Si S §i0 AOH &\ S§
Me Si
5'5 Me\ s \\/ E
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; / \ A
: OEt  OEt
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3;%3 SELECAO DO PROCESSO

PLANEJAMENTO RACIONAL
1. Decida por um ponto de partida
2. Avalie aviabilidade

3. Analise as expectativas

Processo

Materiais

Tamanho

Produtividade

Morfologia

PROJETO DE UM PROCESSO DE ENCAPSULACAO

Quantidade

P&D

Processo e Scale-up
Composicao

Processo de encapsulacédo
Secagem

Armazenagem

Reidratacao

Liberacao

Absorcéo

Ativo?

Propriedades fisicas?

Estado fisico?

Dimensé&o do produto?
Estrutura ?

Condicdes de armazenagem?
Incorporagdo em produtos?
Processamento Final?

Forma fisica final?

Tipo de liberagdo?

32
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»MERCADO

l U.S. microencapsulation market size, by technology, 2014 - 2025 (USD Billion)

156174
il ii
'R =

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

| Spray Technologies u Emulsion i Coating ® Dripping u Others

Source. vwww.grandviewresearch,.com

CUSTOS DA ENCAPSULACAO

Regulamentagdes:
« BPF D&A.,

. Overhead
» Controle Qualidade
* Normatizacéo

+ Disponibilidade

+ Batelada x Continuo
*  Qtd produzida

+ Equipamentos

* Recursos humanos
* Qualidade

+ Controle Ambiental

Processo

IndUstria e

Regulamenta¢éo

Industria:
* Materiais aprovados
* Qualificacdo Processo
- i i | Armazenagem Material .
*  Questdes Ambientais 2 TEEPes y + Utilidades
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CONSIDERACOES FINAIS

Existem uma grande diversidade de tecnologias, materiais e processos de
encapsulagdo, o que torna bastante complexa a defini¢ao do processo ideal para

uma determinada aplicagdo.

A definicao do processo deve envolver um estudo sistematico e racional,
avaliando questoes de disponibilidade de equipamentos, materias primas possiveis
de serem utilizadas, facilidade de escalonamento, propriedades do produto,

custos e questoes de aprovagdo nas Agéencias Reguladoras.

Nao ha uma receita pronta e o estudo deve ser realizado para cada tipo

de produto e aplicagdo onde o processo ¢ exigido.

Thank You !!!
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