Integrated Master in Bioengineering- Specialization

in Biological Engineering

Strategies of microencapsulation of analgesics:
The case study of Acetylsalicylic Acid

Master’s Thesis
of
Ana Ménica Campos Mota
Developed within the discipline of Dissertation
Conducted at

Laboratory for Process Engineering, Environment, Biotechnology and Energy

Hi+lepabe
RE = Laboratory for Process Engineering
Environment, Biotechnology and Energy

Supervisor: Prof. Lucia Santos

[BPORTO

FEU P FACULDADE DE ENGENHARIA
UNIVERSIDADE DO PORTO

Department of Chemical Engineering

June, 2018






Strategies of microencapsulation of analgesics: The case study of Acetylsalicylic Acid

“Success depends in a very large measure upon individual initiative and exertion, and cannot

be achieved except by a dint of hard work.”

Anna Pavlova







Strategies of microencapsulation of analgesics: The case study of Acetylsalicylic Acid

Acknowledgments

| would like to express my very appreciation to all those who supported me in any way

during this work.

First of all, | would like to thank my supervisor, Dr. Licia Santos, for giving me the
opportunity to follow such an interesting topic and also for her help and guidance throughout

the project. | am grateful for your support, availability, criticism and comprehensive advises.

For Eng. Filipa Paulo, for being my central pillar in this project. For her, before all the
others, | owe my most sincere thanks for supporting myself daily, for the extra hours in the
laboratory, for accompanying me on this journey and for all the availability and dedication
given. Whenever necessary, | knew how to advise myself and how to criticise myself, as always
and in everything in life. For the joys, dismay, anguish and especially for all understanding,
thank you "maezinha”.

| am thankful to Faculty of Engineering of the University of Porto (FEUP), Department
of Chemical Engineering (DEQ), and Laboratory for Process Engineering, Environment,
Biotechnology, and Energy (LEPABE), for allowing me to use all the required facilities and
resources for this thesis. | also would like to express my gratitude to the whole 201 group

laboratory for receiving me so well and for the excellent atmosphere they have given me.

This work was financially supported by the projects POCI-01-0145-FEDER-006939
(Laboratory for Process Engineering, Environment, Biotechnology and Energy -
UID/EQU/00511/2013) funded by the European Regional Development Fund (ERDF), through
COMPETE2020 - Programa Operacional Competitividade e Internacionalizacao (POCI) by
national funds, through FCT - Fundacao para a Ciencia e a Tecnologia and by the project NORTE-
01-0145-FEDER-000005 - LEPABE-2-ECO-INNOVATION, supported by North Portugal Regional
Operational Programme (NORTE 2020), under the Portugal 2020 Partnership Agreement,
through the European Regional Development Fund (ERDF).

For my friends in Biological Engineering, | would like to express my thanks for the

company, leisure time and for being present during this stage of my life.

To my boyfriend, thank you for patience, love and for always believing in me, for sharing

with me all difficulties and complaints but also the small victories, enthusiasm and confidence.

Finally, for the support, for investing and believing in me, for love and encouragement,

| would like to thank my parents Carlos Mota and Irene Campos and my sister Daniela Mota.

cowPelse 12020 Norrz2020 EEN FCT  vosi (B

Fundo Europeu
de Desenvolvimento Regional







Strategies of microencapsulation of analgesics: The case study of Acetylsalicylic Acid

Abstract

This work focuses on to find innovative systems of controlled release of drugs that allow
to obtain medicines adapted to the mode of administration, reducing the side effects, allowing
a specific action of the drug and increasing its compliance by the patient. Some therapeutic
agents are chemically unstable and, therefore, being rapidly hydrolyzed or enzymatically
degraded in vivo, requires multiple administrations. Traditional therapies have been
progressively replaced by technologies for controlled drug delivery, such as
microencapsulation. Microencapsulation arises in the context of controlled drug delivery
systems, since different techniques allow to protect the therapeutic agent from hydrolytic
and/or enzymatic degradation, among other possible reactions, allowing it to be released over
time. The main objective of this project was the study of microencapsulation strategies of
acetylsalycilic acid, due to its high consumption (50 billion aspirin tablets are consumed each
year throughout the world) , encapsulating it with 3 different polymers (ethylcellulose,
polycaprolactone and poly(lactic-co-glycolic acid)). The acetylsalicylic acid was
microencapsulated using different emulsification methods (wi/0/w2 and s/o/w). Only the
microparticles resulting from the wi/o/w2 emulsion, were characterized according to
encapsulation efficiency, product yield, loading, particle size distribution and morphology,
because the results for the remaining emulsion were not as expected and therefore were
eliminated. Controlled release studies were performed on simulated gastrointestinal fluids. The
analytical method was developed and validated. Regarding the characterization parameters
obtained, the product yield varied between 70.3 + 14.5% and 98.3 + 3.0%; the encapsulation
efficiency between 89.1 + 0.6% and 99.6 + 0.3%; and the loading varied between 3.7 +0.4% and
5.5 + 1.2%. The microparticles obtained with poly(lactic-co-glycolic acid) were those that
obtained the highest efficiency of encapsulation, whereas the microparticles coated with
ethylcellulose were the ones that obtained the highest product yield. Regarding loading,
polycaprolactone microparticles obtained the highest percentage. The prepared microparticles
presented sizes varying from 27.6 + 3.1 pm to 53.4 + 17.8 pym for the overall formulations
tested, being generally spherical, monodisperse, few porous and superficially smooth. The
microparticles obtained with poly(lactic-co-glycolic acid) showed the lowest polydispersity and
particle size. The highest percentages of release at 2 hours were for poly(lactic-co-glycolic
acid) encapsulated microparticles: 1.8% in simulated gastric fluid and 9.4% in simulated

intestinal fluid.

Keywords: Microencapsulation, acetylsalicylic acid, controlled release, microparticles,
double emulsion by solvent evaporation, ethylcellulose, polycaprolactone, poly (lactide-co-

glycolide acid)
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Resumo

Este trabalho tem como objetivo encontrar sistemas inovadores de libertacao controlada
de farmacos que permitam obter medicamentos adaptados ao modo de administracao,
reduzindo os efeitos colaterais, permitindo uma acao especifica do farmaco e aumentando a
sua adesao no paciente. Alguns agentes terapéuticos sao quimicamente instaveis e, portanto,
sendo rapidamente hidrolisados ou degradados enzimaticamente in vivo, requerem multiplas
administracoes. As terapias tradicionais foram progressivamente substituidas por tecnologias
para administracao controlada de farmacos, como a microencapsulacao. A microencapsulacao
surge no contexto de sistemas de libertacao controlada de farmacos, pois diferentes técnicas
permitem proteger o agente terapéutico da degradacao hidrolitica e/ou enzimatica, entre
outras possiveis reacoes, permitindo a sua libertacao ao longo do tempo. O principal objetivo
deste projeto foi o estudo das estratégias de microencapsulacao do acido acetilsalicilico,
devido ao seu alto consumo (50 bilides de caixas de aspirina sao consumidas por ano, em todo
o mundo), encapsulando-o com 3 diferentes polimeros (etilcelulose, policaprolactona e acido
poli (latico-co-glicdlico)). O acido acetilsalicilico foi microencapsulado usando diferentes
métodos de emulsificacdo (wi/0/wz2 e s/o/w). Somente as microparticulas resultantes da
emulsao wi1/0/w:2 foram caracterizadas quanto a sua eficiéncia de encapsulacao, rendimento
do produto, loading, distribuicao de tamanho e morfologia, pois os resultados para a restante
emulsao ndao foram os esperados e, portanto, foram eliminados. Estudos de libertacao
controlada foram realizados em fluidos gastrointestinais simulados. O método analitico foi
desenvolvido e validado. Em relacao aos parametros de caracterizacao obtidos, o rendimento
do produto variou entre 70,3 + 14,5% e 98,3 + 3,0%; a eficiéncia de encapsulacao entre 89,1 +
0,6% e 99,6 + 0,3%; e o loading variou entre 3,7 + 0,4% € 5,5 + 1,2%. As microparticulas obtidas
com o acido poli (latico-co-glicélico) foram as que obtiveram maior eficiéncia de encapsulacao,
enquanto que as microparticulas revestidas com etilcelulose foram as que obtiveram maior
rendimento de produto. Relativamente ao loading, as microparticulas de policaprolactona
obtiveram a maior percentagem. As microparticulas preparadas apresentaram tamanhos de
particula variando de 27,6 + 3,1 ym a 53,4 + 17,8 ym para as formulacdes globais testadas,
sendo geralmente esféricas, monodispersas, pouco porosas e superficialmente suaves. As
microparticulas obtidas com acido poli (lactico-co-glicolico) apresentaram a menor
polidispersividade e tamanho de particula. As maiores percentagens de libertacdo em 2 horas
foram para as microparticulas encapsuladas com o acido poli (lactico-co-glicdlico): 1,8% em

fluido gastrico simulado e 9,4% em fluido intestinal simulado.

Palavras-chave: Microencapsulacdao, acido acetilsalicilico, libertacdao controlada,
microparticulas, dupla emulsao por evaporacao do solvente, etilcelulose, policaprolactona,
acido poli (latico-co-glicolico)
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1 Background motivation and project guideline

1.1 Background motivation

Therapeutics agents currently on the market can be place into either one of 4 categories:
small molecules, biotherapeutics, natural products and nucleic-acid-based therapeutics (Gad
2012). However, some therapeutic agents are chemically unstable and, therefore, being
hydrolysed rapidly, involve multiple administrations and consequently a high dosage amount.
Also, they cause adverse effects, such as urinary retention, slow breathing, liver problems,
gastritis, among others (Carter et al. 2014). Since analgesics are a type of therapeutic agent,
these are the best-sold group of drugs in Portugal (Infarmed 2016), and they are part of peopke’s
daily lives to treat headaches, muscle aches, toothaches, among others. Presently,
pharmaceutical research seeks to find new and innovative drug delivery systems (DDS), in order
to obtain pharmaceutical products to reach the market associated with specific goals such as
the reduction of adverse reactions and side effects, being suitable for administration mode,
allowing site-specific delivery, improving the shelf-life and patient compliance (Agnihotri et al.
2012). An efficient DDS is the one that allows the active pharmaceutical compound (APC) to
reach the target site, in the required time and for the desired time. Four major factors are
considered to achieve an efficient DDS: administration route, pattern of APC release, method
of delivery and production process also known as formulation process. Thus, microencapsulation
technology arises in the context of controlled DDS because its various techniques allow to
protect the therapeutic agent from rapid hydrolytic and/or enzymatic degradation, potential
oxidation, among other possible reactions, allowing it to be controlled to achieve the desired
concentration over time. It is also suitable to mask the bitter taste of various drugs, reduce
irritations in the gastrointestinal tract and also the odour, separate incompatible substances
and provide protection to substances to encapsulate against atmospheric effects (Brasileiro
2011).

Microencapsulation is a set of techniques in which substances in the three states of matter
(solid, liquid, and gaseous) are coated by an encapsulating agent, resulting in particles having
microscopic dimensions. This technology enables liquid and gaseous phase materials to be easily
manipulated such as the solids, and thus provide some measure of protection for those handling
hazardous materials (Dubey et al. 2009). Microencapsulation has been studied and used in
several industrial areas (food industries, cosmetics, textiles, agriculture, electronics and
biomedical), mainly in the pharmaceutical sector, which has allowed the development of
controlled drug release formulas that have the ability to release the active agent only in the

place or organ where it should (Paulo & Santos 2016). There are numerous possibilities of using
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microencapsulation as a technique to obtain products with high added value and, therefore,
widespread interest has led to the development of microencapsulation technology. Several
studies published in the area of microencapsulation indicate that industrial and academic
sectors are focused on the exploration of this area, especially in the pharmacological field.

1.2 Aims of the thesis

Acetylsalicylic acid is a high consumption analgesic (Jones 2005) (50 billion aspirin tablets
are consumed each year throughout the world) and is used to alleviate mild to moderate pain,
however, taking it can cause problems in the gastrointestinal tract, and in order to solve this
problem, this project aims to formulate microspheres for a controlled DDS, encapsulating
acetylsalicylic acid (ASA) by double emulsion (DE) solvent evaporation technique using three
biodegradable polymers (Ethylcellulose (EC), Polycaprolactone (PCL), and Poly(lactic-co-
glycolic acid) (PLGA)) and different emulsification methods (wi/0/w2 and s/o/w). Only the
microparticles resulting from the wi1/0/w2 emulsion were used to investigate the influence on
the formulation parameters of microspheres, because the results for the other emulsion were
not as expected and therefore were eliminated. In this study it is also presumed to accomplish
the release studies of ASA in three different mediums: salivary, gastric and intestinal fluids
simulated in order to recreate the gastrointestinal tract (Figure 1). Furthermore, the influence
of selected parameters on the final characteristics of the microparticles (encapsulation
efficiency, product yield, loading, distribution of shape and particle size) was studied through
microencapsulation formulations. Moreover, the project aims to develop and validate the
analytical method (UV-Vis Spectrophotometry) for acetylsalicylic acid determination and
quantification and to determine performance parameters such as quantification parameters

(linearity, sensitivity and limits of detection and quantification).

1.3 Thesis organization

This document is divided into eight chapters and their respective sub-chapters. In Chapter
1, a Background section provides a general perspective of the problem under study highlighting
some reasons for the study of the thesis subject. Additionally, presents the aims of the thesis
and the thesis organization. Chapter 2 is devoted to a presentation, review and explanation of
theoretical concepts needed for the comprehension and presentation of this this project
results: it is made a presentation about analgesics, giving special emphasis to ASA. It follows
the description of microencapsulation technology, and their application in pharmaceutical
industry. The DE solvent evaporation technique is discussed in more detail and is presented the
parameters affecting microspheres properties. It is briefly discussed the mechanism of
controlled release and encapsulating agents. Chapter 3 provides a review on the state of the

art about microencapsulation of active pharmaceutical compound: acetylsalicylic acid. Chapter

2
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4 describes the materials and methods for the formulation and characterization of
microspheres. In Chapter 5 the results and discussion are presented. Chapter 6 presents the
main conclusions of this project. In Chapter 7 is indicated the limitations, possible future
relevant work within the topic and a final appreciation. Additional data is presented in the

Appendix sections (from Appendix A to Appendix D).
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Figure 1 - Graphical abstract of the aim of this dissertation regarding acetylsalicylic acid
microencapsulation
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2 Introduction

2.1 Pharmacological Compounds

The use of analgesics for the treatment of pain dates back to the 18th century, where
the infusion of plants such as Salix alba vulgaris was performed to obtain the desired effects.
Through certain discoveries, the introduction of new techniques and products was initiated,
initiating the therapeutic intervention of important compounds of analgesic, antipyretic and

anti-inflammatory action, which continue in development until the present day (Silva 2002).

Pain encompasses physiological, psychological, cognitive and affective aspects, as well
as being influenced by cultural and social factors that act on the behavioral reaction of the
individual to the pain. The sensation of pain is related to the perception of the nervous system,
being natural to all people, which characterises a personal experience of each subject. The
definition of pain, proposed by the International Association for the Study of Pain, is "an
unpleasant sensory and emotional experience associated with a tissue injury, effective or
potential, or described in terms of such injury.” A painful stimulus causes the activation of pain
fibres, causing chemical irritation or mechanical deformation of the nerve endings, resulting in
depolarization of the pain fibres. The pain impulse is triggered by the first mechanical
dysfunction of the lesion and is followed by irritation due to the inflammatory process (Starkey
2001). There are specific medications that are indicated to promote pain and inflammation,

and are grouped and delimited into classes.

Analgesic and anti-inflammatory drugs are classified into cycloxygenase (COX) inhibitory
drugs, phospholipase A2 inhibitory drugs, drugs that directly depress the nociceptor and
central-acting drugs (Rang & Voeux 2004). Among the class of COX inhibitors are non-steroidal
anti-inflammatory drugs (NSAIDs), ASA, paracetamol (PCT), nimesulide, meloxicam and
diclofenac sodium. Among drugs belonging to the class of phospholipase A2 inhibitory drugs,
corticosteroids or also called glucocorticoids may be indicated. Finally, the drugs belonging to
the class of drugs that directly depress the nociceptor are dipyrone and diclofenac sodium
(Fernandes 2006).

Analgesics are a diversified group of drugs that decrease or interrupt nerve transmission

pathways, reducing the perception of pain.

Non-steroidal anti-inflammatory drugs make up the most commonly used class of
medications among all therapeutic agents. Currently, there are more than 50 distinct types of
NSAIDS in the market. These drugs are often indicated for the treatment of pain associated

with inflammation and tissue injury, acting on the inhibition of the synthesis of prostaglandins
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that are endogenous intermediates of the inflammatory process, thus acting on the

musculoskeletal system (Howland et al. 2007).

Non-steroidal anti-inflammatory drugs have three main actions: anti-inflammatory, due
to the reduction of prostaglandins; analgesic effect related to decreased prostaglandin
production; and antipyretic effect, due to the decrease of the mediator prostaglandin,
responsible for the elevation of the hypothalamic setpoint that exerts control over the
temperature in the fever (Fernandes 2006). The anti-inflammatory action of NSAIDs is clearly
related to inhibition of COX 2, usually resulting in vasodilation, pain, and indirectly in oedema.

Currently, the most common anti-infllammatories include ASA, diclofenac (sodium and
potassium), ibuprofen, naproxen, indomethacin, ketoprofen, mefenamic acid, piroxicam and
celecoxib. These drugs, when misused, can cause various problems, adverse reactions or side
effects. In addition, they also cause direct aggression in the mucosa of the digestive tract,
which occurs predominantly during absorption, because most drugs are acidic and acidic
substances tend to accumulate intracellularly in areas of the body where the extracellular pH
is low. Thus, the lower the acidity of a drug (higher pKa value) and the higher its rate of
absorption and bioavailability, the lower the tendency to have direct effects on the mucosa of
the digestive tract (Fernandes 2006).

2.1.1 Acetylsalicylic Acid

Acetylsalicylic acid is a derivative of salicylic acid and is the most widely used salicylate,
considered in the group of analgesics, antipyretics and non-steroidal anti-inflammatory drugs
(Fernandes 2006).

This compound is almost given orally. It is rapidly absorbed in the gastrointestinal tract,
partly in the gastric mucosa, but mainly in the small intestine due to the best characteristics

of absorption of this mucosa (Schror 2016).

The ASA has a half-life of 15 to 20 minutes because it is converted to salicylic acid
(Figure A1, Appendix A: Acetylsalicylic acid Synthesis Scheme) by esterases present in the
intestinal wall, blood and liver. It irreversibly inhibits COX-1 and COX-2 and, therefore, presents
a wide range of pharmacological actions. Acetylsalicylic acid causes ulceration, epigastric
distress, haemorrhage because it has a direct irritant effect on gastric mucosa due to inhibition
of prostaglandins and prostacyclins (Dash et al. 2010). It is a drug of great clinical utility that
is used for its analgesic, antipyretic and anti-inflammatory action and also for its anticoagulant

action.

This drug is used as an analgesic in the treatment of somatic pain (musculoskeletalpain)
and a variety of other painful conditions, including a headache, migraine and dysmenorrhea. It

is very useful in controlling pain associated with inflammatory processes and rapidly decreases
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the increase in body temperature due to infection, tissue injury, or other disease states. It does
not affect body temperature and does not reduce the temperature rise due to excessive

exercise or ambient heat (Fernandes 2006).

Acetylsalicylic acid is formally known as acetylsalicylic acid. It is a crystalline powder
with a slightly bitter taste (Table 1).

Table 1 - Physical and chemical properties of acetylsalicylic acid (Adapted from(PubChem

2005))
Compound Acetylsalicylic Acid
IUPAC name 2-acetyloxybenzoic acid
CAS number 50-78-2
Molecular Formula CoHgO4
|
OH
Chemical Structure
O
A
Molecular Weight (g.mol™") 180.16
Melting Point (°C) 135
Steam Pressure (mmHg at 25 °C) 2.52 x 10°
pKa 3.41
Log Kow 1.19
Solubility in water at 25 °C (mg.L") 4600
Maximum absorption wavelength (nm) 275

The intake of high doses of acetylsalicylic acid causes several metabolic changes.
Salicylates dissociate oxidative phosphorylation, mainly in the skeletal muscle, which results in
an increase in Oz consumption and therefore in CO: production. As a result, breathing
stimulation is observed. In addition, it also results in the appearance of a neurological condition
known as salicylism and characterised by tinnitus, deafness, headache, dizziness, nausea and
vomiting.
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2.2 Microencapsulation

Microencapsulation is a process of encapsulating a material that contains an active
compound in a polymer (encapsulating agent) to protect the active compounds from external
factors permanently or temporarily (Casanova & Santos 2016). This results in small particles
called microparticles. These particles have diameters between 1-1000 um (Singh et al. 2010).
The small size of these particles provides a large surface area that is available for

adsorption/desorption, chemical reactions, light scattering and so on.

The advance of microencapsulation began with the preparation of capsules containing
dyes in 1950 by Green and Schleicher (Barrett Green & Schle Cher 1956). These were
incorporated into paper for copying purposes and substituted carbon paper. Nowadays this
approach has been widely explored by the pharmaceutical, food, cosmetic, textile,
agricultural, veterinary, chemical and biomedical industries. The field with the highest level of
microencapsulation applications is the pharmaceutical sector (68%), followed by foods (13%)
and cosmetics (8%) (Figure 2) (Kim et al. 2007). There are numerous possibilities of using
microencapsulation as a technique to obtain products with high added value, and therefore the

widespread interest has developed in microencapsulation technology.

The global microencapsulation market size was United States Dollar (USD) 5.54 billion in
2015 and is expected to reach USD 8.73 billion by 2020. Pharmaceutical was the most significant
application, accounting approximately 70% of market revenue share in 2013. Growing demand
for microencapsulation for controlled release of active ingredients and targeted drug delivery
is expected to have a positive impact on the market. Pharmaceutical growth in emerging
economies of India, China, and Brazil is expected to augment microencapsulation market over
the forecast period. Emergence of nanotechnology and microtechnology in the pharmaceutical
industry is expected to challenge market growth over the next years (Grand View Research
2017).

1% 2% 3% 5%

8%

13%

Eletronics Agriculture Biomedical Textile Cosmetic Food M Pharmaceutical

Figure 2 - Schematic representation of the statistical distribution of microencapsulation over
different fields of application (Adapted from (Martins et al. 2014))
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Microencapsulation has many advantages comparing to non-encapsulated substances
since it allows the protection and stabilisation of the core material and it is controlled, timed
and targeted release. Product appearance and flow properties may also be improved, enhancing
its handling, usage and storage. Undesirable organoleptic properties can be masked, and the
evaporation of volatile ingredients can be controlled using microencapsulation. This technique
can also be used to reduce the amount of ingredients in formulation being a cost-saving

alternative (Casanova & Santos 2016).

The core materials in microcapsules may exist in the form of a solid, liquid or gas. The
size of the core material plays an essential role in the diffusion, permeability and controlled
release of the active compound. The polymer may be permeable, semipermeable or
impermeable. The compatibility of the core material with the polymer is an essential criterion

for increasing the efficiency of the microencapsulation.

The resulting products of microencapsulation techniques are designated microparticles
(Figure 3). Microparticles can be distinguished in microspheres or microcapsules by their
internal structure and morphology even though, the terms are often used synonymously
(Herrero-Vanrell et al. 2014). The morphology of the internal structure of a microcapsule
depends to a large extent on the polymer selected and the encapsulation method used. The
microparticles can be classified as mononuclear, polynuclear or matrix type. The mononuclear
microcapsules contain the polymer around the core and have a single hollow chamber within
the capsule. The polynuclear microcapsules have many nuclei closed inside the shell so that
they have some different sized chambers. The matrix-type microparticle has the active

compounds integrated into the polymer matrix and distributed heterogeneously in the polymer

matrix.
Microcapsules Microspheres
Mononuclear Polynuclear Matrix
Polymer (shell)
Paolymer (second shell)
Core
material Core material "

Core material

Figure 3 - Morphology of microparticles. (Adapted from (Paulo & Santos 2016))
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Microparticles are usually characterised by parameters such as particle size,
encapsulation efficiency (EE), amount of encapsulated drug, the product yield (PY), ratio
between the output mass obtained and the initial solid content of the feed solution, and
loading, amount of the active agent present in the microparticles (Papadimitriou & Bikiaris
2009). The size and shape of the microparticles may be determined by light microscopy or by
scanning electron microscopy (SEM or LM). The encapsulation efficiency (content of the
effectively encapsulated core material) depends on several variables. The retention of the
active agent within the polymer is determined by the chemical nature of the core (molecular
weight, chemical functionality, polarity and volatility), polymer properties and the
encapsulation technique. The solvation of the microcapsules, the density, the compressibility

index and the angle of rest can also be determined (Patel et al. 2008).

Thus there are numerous interesting advantages, and therefore the microencapsulation
technology is used for several purposes: to combine properties of different materials (e.g.,
organic and inorganic); to protect sensitive, unstable and reactive materials from their
environments and prevent the degradation of active compounds (e.g. from reactions such as
oxidation and dehydration) (Dubey et al. 2009) (Mishra et al. 2013); to protect the immediate
environment of the microcapsules of the active components; to increase stability (Agnihotri et
al. 2012); for controlled, delayed or sustained release; to reduce the dosing frequency; for
immobilization of enzymes and microorganisms; to mask undesired properties of the active
components (such as odor, taste and activity) (Dubey et al. 2009); for a targeted release of
encapsulated materials ; for better processability, since it allows to improve the solubility,
dispersibility and fluidity; for safe and convenient handling of toxic materials and for separating

incompatible components for functional reasons.
2.2.1 Microencapsulation techniques

There are sever