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ABSTRACT
Microencapsulation is a technology that has shown significant promise in bio therapeutics and
other applications. Microencapsulation can be used to achieve a number of objectives. Some
goals of microencapsulation include material structuration, protection of the enclosed product,
and controlled release of the encapsulated contents. It has been proven useful in the
immobilization of drugs, bacterial cells and other biopharmaceutics molecules, as it can provide
material structuration, protection of the enclosed product, and controlled release of the
encapsulated contents, all of which can ensure efficient and safe therapeutic effects. This paper is
a comprehensive review of microencapsulation and its latest developments in the field. It
provides a comprehensive overview of the technology and primary goals of microencapsulation
and discusses various processes and techniques involved in microencapsulation including
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physical, chemical, physicochemical, and other methods involved. It also summarizes various
characterization methods of microcapsules and applications of microencapsulation.

Keywords: Microencapsulation, coating material, techniques, applications.
INTRODUCTION
Microencapsulation is a process in which microscopic particles are enclosed in thin coatings of
wall material around the particle that may be solids, liquids or even gases.1,2
Some of the problems of conventional therapy can be overcome by a well-designed controlled
drug delivery system and improve the therapeutic efficacy of a given drug. It becomes necessary
to obtain highest therapeutic efficacy deliver the agent to the target tissue in the precise period of
time in the optimal amount thereby causing minute toxicity and least side effects. To deliver a
therapeutic substance to the target site there are various approaches in a sustained controlled
release technique. Microspheres is one such approach is using as carriers for drugs. The proteins
or synthetic polymers are free flowing powders which are characteristically microspheres which
are biodegradable in nature and ideally having particle size less than 200 μm. In
microencapsulation process a continuous film of polymeric material is used by which very tiny
droplets or globules or particles of liquid or solid material are surrounded or coated.
Microencapsulation includes Bio encapsulation in which biologically active substance is more
restricted to the entrapment (from DNA to entire cell or group of cells for example) generally to
improve its performance &/or increase its shelf life.3,4
Advantages5-11


Not for only controlled release but also for targeting of anticancer drugs to the tumor
microcapsules received much attention.
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The microcapsules have demonstrated their potential in targeting drugs to pathogens
residing intracellularly by studies on macrophage uptake.



Microencapsulation have property in enzyme immobilization and microorganism.



In flavour development and to accelerate ripening enzymes encapsulated in cheeses.



To improve stability of starter cultures the microorganism encapsulation has been used.



It is use to enhance flow ability as well as solubility, control hygroscopy, develop
texture, processing and less wastage.



Microcapsulation help to deliver the drug to the target site with specificity.



Microencapsulation help to protection of drug from u.v, heat, oxidation, acids, or bases.



Microcapsulation have important in calculating the fate of particle (like size, surface
charge, hydrophilicity) in vivo.



Masking the taste or odours of unpleasant drug.



For the controlled release of drug, solid biodegradable microcapsules have potential
throughout the particle matrix.



It helps to Improve shelf life property of drug.

Disadvantages of Microspheres12


Reproducibility is less.



High cost.



Use to reduce the volatility of drugs.



In case of toxicity and poisoning recovery of drug is difficult.



Multiple formulation steps.



Proportionally higher need for excipients.
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The modified release from the formulations.



The fate of polymer additives such as plasticizers, stabilizers, antioxidants & fillers.

Rationale for Microencapsulation13


To achieve the prolonged or sustained release of the drug.



It improves patient compliance to mask the organoleptic properties of many drugs.



It can be convert the liquid drugs into a free flowing powder.



Hygroscopic, photosensitive and oxidative drugs can be protected by microencapsulation.



This technique is also useful to prevent the incompatibility between drugs.



Microencapsulation technique is useful to prevent the drugs, which are volatile in nature
and vaporize at room temperature.



By microencapsulation technique we can achieve reduction in toxicity and GI irritation.



Those drug which have the toxicity at lower pH microencapsulation can change their site
of absorption.



Microencapsulation enhance the stability of vitamin A palmitate, as prevents from
oxidation.

DIFFERENT TECHNIQUES OF MICROENCAPSULATION
Air Suspension Method
In this method coating material are spraying in the air and dispersion of core material to
suspending particles in the air stream within the coating chamber moving air suspend the
particles as shown in fig 1.
The coating chamber is designed in a particular way that affect the flow of particle through
coating zone of chamber, where moving particles are coated by polymer solution. 10 Depending
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upon the required thickness on the core material this cyclic process is repeated several times. The
encapsulated product is air dried. Drying rate is directly proportional to temperature. Melting
point, solubility, surface area, density, application rate of coating material are various process
variable which affect the encapsulation.14

Fig 1: Air suspension method
Coacervation Method
This method involved the core material is dispersed in the solution of coating material. The
coating material cannot dissolve or react by core material. The particle size rely upon dispersion
parameters such as stirrer shape, viscosity, stirrer speed, surface tension. Particle size ranges
between 2µm- 1200µm.15
Coacervation Phase Separation
This technique involves three steps as explained in fig 2:
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Fig 2: Coacervation phase separation method

Formation of Three Immiscible Phases
Three phases involves liquid solvent phase, core material phase, coating material phase. In this,
in the solution of coating polymer the core material is disperse.15 By one of the methods of phase
separation-coacervation the microcapsules are formed i.e by incompatible polymer addition or by
polymer-polymer interaction (complex coacervation), change in the temperature of polymer
solution or addition of salt, non solvent addition.16,17
Deposition of the Coating
In second step, by controlled mixing of coating material and core material in solvent the
depositing of the liquid polymer on the core material is obtained.18 Coating polymer is deposited
on the core material When interface formed between the core material and liquid phase/solvent
polymer. By deduction in total free energy of

system, deposition of coating material is

promoted.14

Volume IX, Issue IV, APRIL/2020

Page No : 305

Mukt Shabd Journal

ISSN NO : 2347-3150

Rigidization of Coating
In this step rigidization of coating done by thermal, cross linking or dissolvation techniques, to
form a microcapsule. Different type of formulations can be prepared by using coacervation
method.19
Centrifugal Extrusion
Liquids can be encapsulated, by using rotating extrusion head consist of concentric nozzels. In
this method, sheath of wall solution is used for covering of a jet core. As jet goes through the air
it breaks, owing to rayleigh instability, into the droplets of core, each one coated with the wall
solution as shown in fig 3. The mean diameter of droplets is within 10% range, they come in a
narrow ring. 400-2000 micrometer diameter particles are well efficiently formed by this process.
Only liquid or slurry are suitably prepared by this process. Microcapsules can be produced at
high production rate upto 22.5kg (50lb) by per nozzel per hour per head By using centrifugal
extrusion different formulations are prepared.20

Fig 3: Centrifugal Extrusion Process
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Spray Drying and Spray Congealing
These processes are similar in that both involve the liquefied coating substance in which the core
material is dispersed and introducing or spraying into core coating mixture, whereby rapid
solidification of coating is affected. The basic difference in these two methods is the process
through which coating is solidify. In case of spray drying the coating solidification affected by
rapid evaporation of solvent in which coating material is dissolved whereas in case of spray
congealing method the coating solidification is accomplished by thermally congealing a molten
coating material or by introducing the core material into a non solvent as shown in fig 4.
Removal of non solvent or solvent from the coated product can be done by sorption extraction or
evaporation techniques. Flavors, lipids and cartenoids are the few examples of food ingredients
which can be microencapsulated by spray drying. At present researches focused on gums,
proteins as well as carbohydrates but a single encapsulating agent cannot hold all ideal wall
material properties. The selection of atomiser is one of the most important step in case of spray
drying which put momentous effect on size of distribution of final formulation having dried
particles.21 By using spray drying and spray congealing different formulations are prepared.
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Fig 4: Spray drying and Spray congealing
Pan Coating
This method is widely used in pharmaceutical industry for encapsulate solid particle which have
size greater than 600microns as shown in fig 5. It is consider for effective coating and process
which is employed for controlled release preparation. On various spherical substrates such as
nonpareil sugar seeds with various polymers are coated by medicament. Generally, in coating
pan the coating can be applied as a atomized spray or as a solution to desired solid core material.
by passing warm air Coating solvent is removed on the coated material.19-22 This technique is
used for preparing different type of formulation.

Fig 5: Pan Coating [22].

Solvent Evaporation Technique
By agitation of two immiscible liquids a liquid manufacturing vehicle (o/w) emulsion can be
formed in which these techniques can be used. A volatile solvent, which have an immiscible
property with liquid manufacturing vehicle phase in which microcapsule coating polymer can be
dissolved by this process. After that, dispersion of core material in coating polymer solution. The
core and coating material dispersed into liquid manufacturing phase with agitation to obtain
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desired size of microcapsules.23 By using solvent evaporation technique different formulations
are prepared. Some advantages are given in fig 6.

Most simple,
convinent and easy
to carryout in
laboratory.

Requires no
special
apparatus.

Advantages of
Solvent evaporation
method

Less time
consuming.

Involve less
hazardous
chemicals.

Fig 6: Advantages of solvent evaporation method23-29
The aqueous phase of solvent partitioned and in aqueous phase the movement continues by
evaporation. Microencapsulation process can be affected by several process variable which
include method of forming dispersions, evaporation rate of solvent, temperature cycles and
agitation rates. In solvent evaporation technique, two important factors are considered which are
choice of vehicle phase and solvent for polymer coating for preparing microcapsules. For core
materials, water soluble and water insoluble materials can be used.29
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Polymerisation
Interfacial polymer
In poly condensation, the two reactants meets at an interface and reacts rapidly. The classical
schottenbauman reaction between compound containing acid hydrogen atom and acid chloride,
such as amine, polyesters, alcohol, poly urea, polyurethane is the basic of this reaction. Thin
walls are formed rapidly at interface under the desired conditions. Poly functional isocyanate is
used in emulsified the solution of pesticide and di-acid chloride in water and on aqueous solution
containing amine. By the base the acid formation can be controlled during the reaction. At
interface of the emulsion droplets condensed polymer walls formed rapidly.30
In-situ polymerization
On the particle surface the direct polymerization of a monomer which involves a few
microencapsulation process can be carried out. In polyethylene cellulose fibres gets encapsulated
and are immersed in dry toluene. Deposition rates are about 0.5 micrometer/minute. Coating
thickness ranges upto 0.2-75 micrometer. Coating is uniform over sharp projections.31
Matrix Polymer
A core material embedded in the polymeric matrix in most of the processes. Solvent from the
matrix material gets evaporated which forms the particles this method is known as spray drying.
Matrix is solidified by chemical change. By using polymerisation different formulations are
prepared.30
CHARACTERIZATION OF MICROCAPSULES
Particle Size and Shape
Conventional light microscopy and scanning electron microscopy (SEM) are the most commonly
used methods to visualize microcapsule. The shape and structure of microcapsule can be
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analyzed by both of the techniques. Light microscopy provides high resolution than SEM.
Investigation of double walled systems and the microsphere surfaces also allowed by it. One of
the non destructive visualization technique is Confocal laser scanning microscopy (CLSM),
which gives results about structures as well as surface and also reveals about inside particle.7
Fourier Transform-Infrared Spectroscopy (FTIR)
It is used for the analysis of degradation of polymeric matrix of the carrier system and checks the
interaction between the polymer and drug system.
Carr's Index and Hausner's Ratio
Fixed funnel and cone method are used for determining the angle of repose. The calculation of
bulk density of mixed microcapsules is determine by the hausner's ratio or carr's index, with the
help of poured or tapped bulk densities of known weight of sample using measuring cylinder.31

Carr’s Index = [Tapped Density-Bulk Density/Tapped Density] ×100 Hausner's
ratio (HR)=ρT/ρB where ρT is tapped density and ρB is bulk density [14].

Bulk Density

Weigh accurate microcapsules

Then transfer to 100ml cylinder to obtain apparent volumes of between 50
and 100ml.
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Bulk Density (ρρ)= [Weight of Microcapsules(g) (M) / Bulk Volume (ml)(V)]
where, M = mass of the powder,
Vo = volume of the powder
Isoelectric Point
To measure electrophoretic mobility of microsphere an apparatus micro electrophoresis is used
which can easily calculate isoelectric point. The mobility is related with surface contained
charge, ionisable behaviour or ion absorption nature of microcapsules.7
Determination of drug Loading, Encapsulation Efficiency and Microcapsule Yield
By extraction of 20mg sample of microcapsules with methanol drug content was determined.
Following filtration and dilution with methanol, the resultant concentration was checked by UV
spectrophotometry.
%loading = weight of drug/weight of microcapsules
%Encapsulation efficiency= [%Actual drug content/%theoretical drug content]
×100
%Yield=M/ M0 ×100
M = Weight of microcapsules
M0 = Total expected weight of drug and polymer [10,14].

Contact Angle
To determine the wetting property of microcapsule the angle of contact is calculated. The nature
of microcapsules in terms of hydrophilicity and hydrophobicity can be easily known by this

Volume IX, Issue IV, APRIL/2020

Page No : 312

Mukt Shabd Journal

ISSN NO : 2347-3150

method. This is measured by placing a droplet in circular cell mounted above the objective of
inverted microscope at solid/air/water surface. It is measured within a minute of decomposition .7
In Vitro Drug Release Studies
It can be carried out by USP rotating basket and paddle apparatus in various ph conditions like
pH 1.2 and pH 7.4. After particular time intervals the sample should be taken out and is replaced
by same medium. By using the plot of amount released function of time the release profile is
determined.32
APPLICATIONS OF MICROCAPSULES
The application of microencapsulation is numerous.

Medical application33


Over the extended period of time release of proteins, hormones and peptides.



Gene therapy with DNA plasmids and also delivery of insulin.



For the treatment of diseases vaccine delivery like hepatitis, influenza, pertusis, ricin.



Birth control, toxoid, diphtheria.



Active targeting of tumor cells, antigens, by intra-arterial/ intravenous application and
passive targeting of leaky tumor vessels.



Treatments of leishmaniasis and also tumor targeting with doxorubicin.



Magnetic microspheres can be used for bone marrow purging and stem cell extraction.



By affinity chromatography toxin extraction, cell separation and also used in isolation of
antibodies.



Used for the diagnostic tests for infectious diseases like bacterial, viral, and fungal.

Volume IX, Issue IV, APRIL/2020

Page No : 313

Mukt Shabd Journal

ISSN NO : 2347-3150

Radioactive microsphere’s application34


Radioembolisation of liver and spleen tumours can be done.



Radiosynvectomy of arthiritis joint, local radiotherapy, interactivity treatement can be
done.



Imaging of liver, spleen, bone marrow, lung etc and even imaging of thrombus in deep
vein thrombosis can be done.

Various applications are shown in fig 7.
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Fig 7: Application of Microcapsules32-34
Other applications


Fluorescent microspheres can be used for membrane based technologies for flow
cytomettry, cell biology, microbiology, Fluorescent Linked Immuno-Sorbent Assay.



Hepatocellular carcinoma can be primary treated by Yttrium 90.
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Some more applications are given in table 1.
Table 1: Some Applications of Drugs with their Results
Drugs Category

Process/Technique

Antimicrobial

Result

Ref

Simple & complex co-

Increased compound

acervation

stability during storage

35

and reduce interation
with food components
and preventing their
inactivation
Green tea catechins

Spray drying and freeze drying

Antioxidant activity,

36

safe delivery of
polyphenols in food
matrices
Islet cell

Phase inversion, interfacial

Overcome the need for

ppt., polyelectrolyte

the immune supression

37

& lack of donor islet
cells
Vitamin D

Spray drying, liposome

Desired functionality &

nanostructure lipid carrier

have great potential for

38

fortification of
fortificants like vit. D
Living cells
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linking, thermal & ionic)

delivery, food
production, cell culture
context

Probiotics

Spray drying, spray chilling,

Improve the survival of

freeze drying, fluid bed drying

probiotics during

40

processing, storage and
gastrointestinal
digestion

CONCLUSION
This review article contains around 40 references which summarize the significance of
microencapsulation techniques, their methods of preparation, characterization and applications.
There is a need to prepare microcapsules in larger quantities and in sufficient quality that is
suitable for clinical trials and commercialization due to the widespread interest in various types
of drugs. For larger amount of processing fluids and their subsequent recycling the rapid solvent
may require. Therefore, combined extraction and evaporation represents a compromise in terms
of both time and waste-efficient microsphere production. From a simple immobilization or
entrapment microencapsulation technology has been developed to sophisticated and precise
micro capsule formation.
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