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Abstract: The aim of this paper is to discuss on the preservation of bioactive compound by using
microencapsulation techniques. Microencapsulation is a process of building a functional barrier between the core
and wall material to prevent any chemical or physical reactions. Microencapsulation provides an important
technique in various food, pharmaceutical industry and textile product because has the ability to improve shelf-life,
oxidative stability, provide protection and controlled biological activity release of active agents.
Microencapsulation of plant extract, essential oils, vegetable has been developed and commercialized by employing
various method including freeze drying, coacervation, spray drying, in situ polymerization and melt-extrusion. The
most commonly used techniques for microencapsulation of oils are by using spray drying and coacervation method.
Microencapsulation methods have been developed in order to modify the efficiency based on several factors such
as types of active agents, shell material used, generating particles with a variable range of sizes, shell thickness and
permeability. With this work, an overview regarding efficient and applications of microencapsulation process will

be presented.
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Introduction

From the ancient times, vegetables, herbs and essential
oils has been added to the different food, agriculture,
pharmaceutical industries and beverages because of
their natural, safe to consume by human. It shown that
bioactive compounds that commonly found in herbs
and plants can be used to treat health problem and
ailments such as stomach aches, intestinal problems,
kidney disease, liver and bladder problem due to the
antimicrobial,  antioxidant and anticarcinogeni
properties of the herbs.'Bioactive compounds or
chemical compound in plants have an important
functional group  such as monoterpenes,
sesquiterpenes, aromatics and oxygenated compounds
includes aromatics, ketones, alcohols, aldehydes,
phenols, sesquiterpene alcohol, esters, lactones, oxides
and ethers.? However, mostly bioactive compounds are
very sensitive in many factors such as degradation,
thermal stability and environmental factor. The
effectiveness of natural antioxidants such as
polyhenols is depending on the preserving of their
stability. One of the potential methods on preserving of
herbs properties is via encapsulation method.

Microencapsulation of bioactive molecules has been
efficiently used in increasing of bioavailability of the
drugs and nutrients.® The microencapsulation strategy
will preserve their physical stability during processing,
storage and prevent from deleterious interaction with
food matrix and the environment.**Moreover,
microencapsulation capable to increase bioactivity
owning to their micrometer size range.
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Microencapsulation is a new strategy that widely used
in pharmaceutical, chemical, agricultural and food
processing. Microcapsules formed a small particle with
a size varies between 1 to 5000um based on an active
agent surrounded either by a natural or synthetic
polymeric membrane. Microencapsulation is a process
by which an active core material is encapsulated in a
shell of limited permeability that will protect active
core material from external environment until the right
stimulus encountered. This technique allow liquid or
solid such as drugs, proteins, hormones, fertilizers and
other small particle encased in a uniform shell. The
composition of the shell material may vary depending
on the method used and can be form from natural type
material such as starch, gelatin, modified starch and
cellulose, acrylates and other synthetic polymers.
Figure 1 shows the microencapsulation process.
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Figure 1: The core and wall material in
microencapsulation.®

©Bangladesh Uni. of Engg.&Tech 50


http://www.buet.ac.bd

Chemical Engineering Research Bulletin 19(2017) 50-56

Method of Microencapsulation

Microencapsulation techniques can be archives via
chemical and mechanical process or physical
processes. The chemical process which an
encapsulation method belongs is either or not the
capsules are produced in a tank or reactor containing
liquid, however in physical processes, which used a
gas phase as a part of encapsulation method. The
chemical and physical methods can be subdivided into
physico-chemical and physico-mechanical techniques.’
Different techniques in microencapsulation processes
with their relative particles size ranges is mentioned in
Table 1. Furthermore, the most commonly used
techniques for microencapsulation of oils are by using
spray drying and coacervation method so in this
section only described these two processes.

Table 1: Microencapsulation techniques with relative
particle size ranges.’

Physico - Mechanical Physico - Chemical

Processes Processes
Spray drying Coacervation
(5 - 5000um) (2 - 1200um)
Pan coating Hot melt

(600 - 5000 pm) (1 - 1000 pm)

Co extrusion
(250 - 2500 pm)

Polymer - polymer
incompatibility
(0.5 - 1000 pm)

Solvent evaporation
(0.5 - 1000 pm)

Encapsulation by
Polyelectrolyte

Fluidized bed
(20 - 1500um)

In situ polymerization
(0.5- 1100 um)

multilayer
(0.02 - 20 um)
Interfacial polymerization Phase Inversion
(0.5 - 1000um) (0.5-5.0 um)

Spray drying

Spray-drying is the most popular physico-mechanical
process that have versatile and low cost method to
encapsulate fragrances, oils and flavors.® This process
can be described as a simple process that have similar
operation as one stage drying that widely used in the
industry for the production of a wide range of
microspheres or microcapsules at high yield, good
quality, low water activity, stable particles, easier
handling and storage.” The advantages for this spray
drying making the process very suitable in the
production of food and pharmaceutical industry. The
size of the particles can be done generally around 5
micrometers with a large size distribution because of
the variety of droplets sizes in the spray. More
important, a successful microencapsulation must result

in powder with minimum surface oil and maximum
retention of the active material.

Spray drying technique allow the formation of particle
from a dispersion of active compound in a solution of
coating agent.'® It is a continuous transformation of
feed from a fluid state into dried particulate form by
mechanism of hot drying medium. Spray drying is
very popular in the industry for the production
microcapsules or microspheres based on the initial
nature of the sprayed liquid that are suspension or
emulsion. The liquid solution that contains the coating
agent and active compound is transformed to form the
dry micro-particle powders. Figure 2 show the
illustration for spray drying process.
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Figure 2: lllustrations of spray drying process.’

The microencapsulation process consists of the
packing of particles by using suitable wall materials
also known as encapsulating agents. Wall materials are
very important to protect and extend microcapsule or
microspheres functionality. The most common wall
materials for encapsulation purpose are modified
starch, gum arabic and maltodextrin. The core material
for encapsulation is homogenized with the wall
materials and then the mixture is fed into the spray
dryer and atomized with a nozzle or spinning wheel.
Water is evaporated by the hot air and contacted the
atomized material and finally the capsules are formed
and collected after they fall to the bottom of the drier.™*

Coacervation

Coacervation method is the one of the oldest and most
widely used for physico-chemical process. Coacervates
also known as phase separation is formed between two
oppositely charged biopolymers interact with each
other by electrostatic attraction'? and this process
occurs above narrow pH range. The Coacervation
method mainly used in food industry. The bioplomers
was produced by precipitate around a core of active
ingredient, thus encapsulating it. The coacervation
process can be classified into two methods that are
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simple and complex coacervation. The simple
coacervation involved which one oppositely charged
polymers whereby complex coacervation involved
with one or more bioplomers. Simple coacervation is
more cost saving and flexible operation compared to
complex coacervation. The simple coacervation can
use inexpensive inorganic salts but complex
coacervation more sensitive to even a small pH change
and also wuses expensive hydrocolloids. The
disadvantages of this method are difficulties to control
particles size and to prevent particle agglomeration.
Moreover, based on biopolymers material used made
the particles only show limited stability in matrices.

Encapsulation Materials

The use of various techniques for microencapsulation
is limited by the available number of wall materials
that is good in water solubility at an acceptable level ®
Furthermore, the use of wall materials as encapsulating
agents for the production of microcapsules can result
in different physical properties that will depend based
on the structure and the characteristics of each wall
materials™ and different wall materials will result the
change of functional properties of microcapsules.** In
other words, the emulsion characteristics such as the
droplets size, stability, viscosity, as well as powder
properties such as particle size, surface oil, the
morphology and oxidative stability are affected by the
type of wall materials used.’® There are various
commercial approved encapsulating agents available to
produce various microencapsulated foods as outlines in
Table 2. Moreover, not all encapsulating agents are
meet all the properties needed, so the modified
encapsulating agents by combination with other
coating materials such as oxygen scavengers,
antioxidants, chelating agents and surfactant are
required.’® The most popular encapsulation agents
used in microencapsulation by spray drying are gum
arabic, maltodextrin and chitosan. This is due to a high
encapsulation efficiency of some oils extracted
(53%)."

Table 2: The approved food grade capsule wall
material.*’

Polysaccharides  Fats and waxes Proteins
Gum Arabic Hydrogenated Gelatins
vegetable oils (types A and
B)

Modified Bees wax Whey
Starches proteins

Maltodextrins Soy proteins Sodium

caseinates
Alginates
Pectin
Carrageenan

Gum Arabic is one of the most common wall materials
used in microencapsulation by spray drying. It has a
good ability to absorb volatiles flavour from
surrounding and this will make gum arabic a good wall
material for flavour encapsulation. Gum arabic
presents many desirable characteristics to be good
encapsulating agents due to its low viscosity, high
solubility and good emulsifying properties. Although it
has many desirable characteristics due to expensive
cost, the oscillation in supply it make researchers to
such other alternatives wall materials that could
replace or modified it.'®

Maltodextrins is a hydrolyzed starch that is widely
used in microencapsulation of food ingredients', and
enhances the flavors.”’ Maltodextrins also can be used
as the wall materials for phenolic encapsulations. It
offer the advantages such as the best thermal
defenders, low cost, low viscosity at high solid
concentrations, have neutral taste and aroma and also
good antioxidants defenders. It also can be essential to
preserve the integrity of the anthocyanins during
encapsulation process.* Although, Maltodextrins have
good benefits due to its low emulsifying capacity made
it the biggest problem for microencapsulation process.
So the modified maltodextrins such as the combination
of maltodextrins with others active bioploymers such
as gum arabic, modified starches, and proteins as wall
materials ~ will  increases  dramatically  their
microencapsulation process by spray drying method.?*
2 For example, the mixture of Maltodextrins (60%)
and gum arabic (40%) has been used for encapsulation
procyanidins from grape seeds.”® The ratio of core
substance to wall material is 30:70 w/w and the slurry
concentration was 20% w/v. The combination between
maltodextrins with gum arabic make the encapsulation
efficiency increased up to 88.84% and the Procyanidin
was not change during drying process.”* The most
important element is the stability of the
microencapsulation was improved by spray drying.

Chitosan has been widely used as a wall material for
preparing microcapsules of various purposes basically
in human medicine such as in delivering nutrients and
drug. As an example, chitosan has been used as
coating material for encapsulation of olive tree leaves
extract (OLE).” The microsphere that has been loaded
with OLE into chitosan showed the influence of
structural interaction between polyphenols present in
this extract and the matrix polymers.”

Microencapsulation of Plant Extract

The use of plant extract in the pharmaceutical, food
and cosmetics industries is quite common due to
various benefits in phytochemical properties. In
addition, mostly plant extract have biological activities
that can be used in the preparation of pharmaceutical
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products and functional foods.*® The phytochemical
properties of plant extract can be change due to their
origin Some plant extract very useful in medicinal
properties such an antioxidant, anti-microbial and
fungal, anti- inflammatory activity and for avoiding
free radicals applications. Table 3 show a list a set of
applications of encapsulating agents loaded with plant
extract and their advantages.

Application of Microencapsulation

In industrial applications, the main objectives for
microencapsulation are to control the rate at which it
leaves the microcapsule without isolate the core
completely. Much area in the industry can be
beneficiate from microencapsulation technologies.
Figure 3 show the schematics diagram for
microencapsulation application in various field.

Agriculture

Nowadays, the most important application of
microencapsulated product is in the area of pesticides
and herbicides. The sex attractant pheromones are the
one of the method that can be reduce insect
populations by disrupting their mating process. The
process can be done by the small amount of species-
specific pheromone are dispersed during mating
season, hence it will raising the amount of pheromone
to the point at which there where hides the pheromone
plume release by female mate.?*® Encapsulating
agents such as gelatin , gum arabic and polyurea serve
a efficiency delivery transport to deliver the
pheromone by spraying the capsule dispersion.”
Furthermore, the encapsulation method can protect the
pheromone from oxidation and light during the storage
and release process.

Pharmaceutical

Pharmaceutical and biomedical for controlled or
sustained drug delivery industry can be said one of the
most major encapsulation process.”® In drug delivery
process, the most important step to construct the right
biodegradable polymers in microencapsulation that
will permit the efficient control release delivery
systems. Using microencapsulation process, it will
control the rate, duration and distribution of active
drug at optimum condition. Furthermore, with these
systems, the micro-particles that is highly sensitive to
specific biological environment will designed to
delivered an active drug in a specific way and this can
protect sensitive drug from drastic environment (pH)
and can also reduce the amount of drug that will inject
or consumed for patient.

Food Industry

Nowadays, the awareness towards a healthier way of
living has been a major talk for consumer. Maintaining
health and avoiding illness by diet is a unique offering
of innovative system, many of which are augmented
with ingredients to promote health. However, by
adding various ingredients to food product that used to
improve nutritional value can change their taste, color,
texture and aroma. Sometimes, ingredients can also
react with components presents in food that may limit
bioavailability, slowly degrade and loss their activity.
Today, microencapsulation is used to boost yield,
improve the quality, and provide various texture
blending, appealing aroma release, taste and color.*®*
In addition, microencapsulation can simplify the food
manufacturing by converting liquids to solid powder,
reduce the cost of production using appropriate
handling equipment. The microencapsulation process
also can stabilize the shelf life of the active
ingredients.
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Table 3: Applications of encapsulating agents with plant extract and their advantages in microencapsulate.

Encapsulated
plant extracts

Origanum
vulgare
Rosemary

Pimenta dioica

Scihinus molle
REv L
Cymbopogom
Spp
Ocimum
sanctum Linn

spp

Advantages

Enhancement
of
antimicrobial
activity
Prolonged
effect
Extended
release
Stability
improvement

Application Size Encapsulating Method
agents
Food <10 um Starch Supercritical
preservatives fluid
- 12.1- 135 Gum Arabic, Sparay
um maltodextrins drying
and modified
starch
- 1172 - Chitosan Complex
1224 pm coacervation
Insecticidal 0.2- 40 um Maltodextrin Spray drying
and gum arabic
Antimicrobial 10-250 um | Polyvinylalcohol Simple
coacervation
- 392.3 pm Gelatin Simple
coacervation
Industrial chemicals .
Biotechnology Agrochemicals

Pharmaceuticals

Adhesives

Waste treatment

Nutraceuticals

MICROENCAPSULATION

References
32

33

34

35

36

37

Food additives

Flavors and Essences

Pesticides

Cosmetics

Scalants

Figure 3: Schematic diagram for microencapsulation applications
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Conclusion

Plant extract are natural products which contains
various useful volatile molecules that have been used
for various application in pharmaceutical, cosmetic,
agricultural, and food industries. Despite their various
applications, plant extract wvery sensitive to
environmental factor and chemically unstable. So, that,
encapsulation have been emerged basically to enhance
plant extract stability. Microencapsulation become an
important tool to produce high quality of oil based
product and health beneficial products in various field
in order to enhance their chemical constituent, thermal
stability, physicochemical properties, shelf-life, to
protect and target the delivery of bioactive ingredients.
Spray drying and coacervation are the popular
techniqgues for the encapsulation of oils.
Microencapsulated oils are being used for safe product
and positive impact on the consumer health. However,
the development and further research still needed to
identify and develop the effective and new wall
material and also to optimize the existing methods of
encapsulation of microencapsulation process and their
applications.
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