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ABSTRACT: When liquid droplets or microscopic solid particles are encapsulated, they produce
microcapsules, which can range in diameter from a few hundred micrometres to as little as 1 um. A variety
of sectors are interested in microencapsulation technologies, including as Among the many noteworthy
benefits offered by the pharmaceutical, food, agricultural, biotechnological, cosmetic, and other sectors
are: (i) an efficient defence of the encapsulated active ingredient against deterioration the potential to
regulate the active ingredient's rate of release (ii). Microencapsulation technology's historical context,
widely utilised microencapsulation techniques, their benefits and drawbacks, and their Pharmaceutical,
food, biotechnological, agricultural, and cosmetic uses. As detailed in scientific journals and patent
literature, it also emphasises the impact of process parameters, residual solvent, and cross-linking agents.
Techniques for microencapsulation fall into two main categories: chemical and physical. Both benefits
and drawbacks are unique to each approach. However, the majority of widely utilised techniques have a
number of drawbacks, including poor encapsulation efficiency, complicated procedures, and unfavourable
environments for the core material. The findings show that the quantity of process variables that have to
be optimised while encapsulating the essential substance. Reproducibility and scale-up issues might arise
from the reliance of so many process factors. This review generates reasons and recommended choices of
process parameters and microencapsulation method based on the current results and author,reflection.

KEYWORDS: MICROENCAPSULATION,COATING,METHOD,PROCESS.

Aim: Microencapsulation is a process that encloses solid, liquid, or gaseous substances (the core material)
within a thin, protective coating. In the pharmaceutical industry, this technique is used to create
microcapsules or microspheres, offering a wide range of benefits for drug formulation and delivery.

INTRODUCTION: Microencapsulation is a process in which active compounds—such as drugs, flavors,
nutrients, pesticides, or enzymes—are enclosed within a protective coating to form micro- to millimeter-
sized capsules. It is widely applied in the pharmaceutical, food, cosmetic, and agricultural industries
because it enhances stability, improves handling, and allows controlled or targeted release of sensitive
materials [1]. A wide range of coating materials—including polymers, lipids, gums, and proteins—can be
selected based on physicochemical compatibility and the intended use of the encapsulated core [2]. Among
the most widely used techniques, spray drying remains dominant due to its low cost, scalability, and
suitability for heat-stable materials [3]. Coacervation, both simple and complex, achieves high
encapsulation efficiency and is popular for flavors, essential oils, and pharmaceutical actives [4].
Extrusion technologies, including hot-melt extrusion, offer controlled drug release by embedding active
molecules in polymer matrices [5]. Solvent evaporation and solvent extraction techniques are extensively
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applied for producing polymeric microspheres for sustained drug delivery [6]. Liposome-based
encapsulation further supports targeted delivery and enhances the bioavailability of poorly soluble
compounds because of its biomimetic lipid bilayer structure [7]. More recent advancements include spray
chilling, useful for heat-sensitive compounds [8], fluidized-bed coating for layering solid particles [9],
and nanoprecipitation, which enables the formation of nano-scale delivery systems with narrow particle-
size distribution [10]. Together, these technologies continue to evolve, providing new opportunities for
creating smart, responsive, and efficient delivery systems across numerous industries
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CORE CONCEPT

Wall material

Core material

Core material :

The basic material might be either liquid or solid.The composition of the core material can be altered since
the liquid core can comprisesubstances that are dispersed or dissolved.The solid core consists of
excipients, stabilizers, diluents, active substances, and releaserate retardants or accelerators.The core
material's compositional variability provides obvious flexibility, and this characteristic is often used to
facilitate the effective design and development of the desired microcapsule properties.[1]

Coating material :

The coating material should be able to form a cohesive film with the core.substance, to be chemically
compatible and nonreactive with the core material, and to possess the necessary coating properties, such
as strength, flexibility, stability, impermeability, and optical characteristics.The coating materials used in
microencapsulation procedures can be modified in situ to some extent .The ideal characteristics of the
covering material are to stabilize the core material, be inert toward.active ingredients, film formation,
controlled release under certain conditions, malleable, tasteless, stable, nonhygroscopic, low viscosity,
and economical.The coating should also melt, be brittle, rigid, thin, flexible, and soluble in solvents or
aqueous solutions.Among the coating materials are, for examples (Synthetic polymers, Natural
polymers[2]
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Synthetic polymers Polymers that don't biodegrade, such... Acrolein, glycidyl methacrylate epoxy
polymers, and polymethyl methacrylate (PMMA) [6]
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Natural polymers Albumin, collagen, and gelatin are proteins .

Carbohydrates :starch ,chitosan , carrageenan, and agarose .

Chemically altered carbohydrates, such as poly dextran and poly starch .[1,11]
Mechanisms of release:

Diffusion: The most typical drug release mechanism, where the dissolving fluid enters the shell first,
followed by the core material in touch with the dissolving fluid and escapes through the pores or interstitial
channels. Drug release is contingent upon the pace at which the drug dissolves in the dissolution fluid, the
rate at which dissolving fluid's ability to enter the microcapsules and the speed at which the medication
dissolves and exits the microcapsule (Gunder, 1995).Such drug release kinetics are based on Higuchi's
equation.[9]

Dissolution: When the polymer coat dissolves quickly in the dissolving fluid, the drug's release rate from
the microcapsule is determined by the coat's rate of dissolution.The thickness of the coat and solubility in
the dissolving fluid affect the rate of release.[11]

Osmosis: Osmosis is an additional medication release mechanism. Semi-permeable membranes are
necessary for osmosis, and microcapsule polymer coats provide this function. As the procedure goes on,
an osmotic pressure is produced between the microcapsule's outside and interior membranes, causing the
medicine to be released through tiny pores.[2]

Erosion: The most common causes of coat erosion are pH or enzymatic hydrolysis, which results in
medication release from specific coat components such glyceryl monostearate, bee's wax, and stearyl
alcohol. The wide variation in the size, shape, and arrangement of the core and coat materials in
microcapsules has made the drug release process from these devices more complicated. Drug release
modeling is complicated by the physiochemical characteristics of coating materials, such as varying
porosity, thickness, and inertness, and core materials, such as solubility, diffusibility, and partition
coefficient. The following considerations, however, might be made in light of several research pertaining
to the release characteristics.[7]

MATERIAL USES:

Encapsulation materials for the food industry are quite limited. This restriction is based on the ingredients
that are allowed to be used in foods. A microencapsulation method frequently requires incompatibility
between the shell and the active substance in order for a coating to form on its surface. When it comes to
hydrophobic substances, a hydro Philic material must be used in order to encapsulate. Examples of
hydrophobic active substances are fat and edible oil. Many types of proteins, polymers, and
polysaccharides have been used in encapsulation
. A hydrophobic substance is typically employed as a matrix or coating material in systems
where a hydrophilic active has to be encapsulated. These hydrophobic substances include
polymers, lipids, and waxes. Table 1.1 lists the several hydrophobic materials that are utilized to
encapsulate hydrophilic actives. Part 4 of this book provides a full description of the materials
utilized as a matrix and/or coating during the microencapsulation procedure of an active.[10]
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Materials Used for Microencapsulation of Hydrophobic Actives
Proteins
Polysaccharides | Polysaccharides | Polysaccharides Proteins
(unmodified) (modified) (gums) (vegetable) | (animal) Polymers
PEG
Sugar Dextrin Gumarabic Soy Gelatin
starch Cyclodextrin Alginate Wheat Casein PVA
Glucose syrup OSA starch Carageenan corn WPI PVP
Cellulose
Maltodextrin Cellulose Pectin WPC derivatives
Caseinate Chitosan

Table Nol Materials Used for Microencapsulation of Hydrophobic Actives

CLASSIFICATION OF MICROENCAPSULATION: The following three fundamental categories
can be used to group microcapsules based on their morphology:

Classification of Microcapsules

S < <

MMononuclear Polyvauclear AMatrix tvpe

Mononuclear: Core-shell microcapsules, also known as mononuclear microcapsules, have a shell around
the core.

Polynuclear: Polynuclear: In contrast, polynuclear capsules have several cores encased in a shell.

Matrix type: The core material is uniformly distributed throughout the shell material in matrix
encapsulation.[15]

Important Features of Microcapsules:

The diameter and the total surface area have an inverse relationship. According to estimates, the total
surface area of 1 mm hollow microcapsules with a diameter of 0.1 mm is over 60 m2, which may be
utilized for a variety of operations, including light scattering, chemical reactions, adsorption and
desorption sites, and more.
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Reasons for Encapsulation:

1. Its primary purpose is to make the product more stable and long-lasting.
2. To regulate the pace of its release from the microcapsule, as in the controlled release
3. Aliquid can be transformed into a pseudo-solid for convenient storage and handling.

4. The use of microencapsulation has been used to shield the core materials from atmospheric
conditions.[6,15]

MICROENCAPSULATION METHODS:

In situ polymerization ]

CHEMICAL Interfacial polymerization

Photopolymerization

Simple coacervation
Microencapsulation =
methods used for textile )
functionalization

PHYSICO-CHEMICAL Complex coacervation

Molecular inclusion

Spray drying

PHYSICAL

Solvent evaporation

Method of Microencapsulation:
Physical Methods:

l. Spray Drying

2. Spray coating

3. Fluid Bed Coating

4. Multi-orifice Centrifugal Process
5. Pan Coating

6. Air suspension coating

7. Centrifugal Extrusion [12]
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1. Spray Drying:
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Spray drying, as seen in figure (1), functions as a microencapsulation method when an active component
dissolves or is suspended in a melt or polymer solution and becomes lodged insidethe desiccated particle.
The primary benefits include the capacity to handle labile materials due to the dryer's brief contact time
and cost-effective operation. The viscosity of the solutions to be sprayed in contemporary spray dryers
can reach 300 mPa.

The methods of spray drying and spray congealing are comparable in that they both entail distributing the
core material in a liquid coating solution and then spraying or adding the core-coating mixture into certain
environmental conditions that impact the coating's comparatively quick solidification (and creation).

ooy e e o

The process used to achieve coating solidification is the main distinction between the two approaches.
When spray drying; coating solidification is caused by the covering substance dissolving in a solvent that
evaporates quickly. However, in spray congealing procedures, coating solidification is achieved by either
thermally congealing a molten coating material or by putting the coating-core material mixture into a non-
solvent to solidify a dissolved coating. Sorption, extraction, or evaporation procedures are subsequently
used to remove the solvent or non-solvent from the coated product. Using spray drying equipment,
microencapsulation by spray congealing may be achieved when the protective coating is melted and
deposited. Procedure in general Apart from the fact that the core material is distributed in a coating
material melt rather than a coating solution, the variables and circumstances are essentially the same as
those previously mentioned. To achieve coating solidification (and microencapsulation), the heated liquid
is sprayed into a stream of cold air.[12]

1. Fluid Bed Coating:

As seen in Figure 2, fluid bed coating is another mechanical encapsulation technique that can only
encapsulate solid core materials, such as liquids absorbed into porous solids. This method is widely
employed for pharmaceutical encapsulation. Following suspension of the solid particles to be enclosed on
an air jet, a liquid coating material spray is applied.
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Fluid Bed Coating (Fig 2)

After that, the capsules are transferred to a location where solvent vaporization or cooling solidifies their
shells. The suspension procedure, After that, the capsules are transferred to a location where solvent
vaporization or cooling solidifies their shells. Rapid evaporation aids in the creation of an outer layer on
the particles once the liquid coating is sprayed onto them. The composition and thickness of the required
coating can be achieved. There are several kinds of fluid-bed coaters, such as tangential, top, and bottom
sprays.

Multi-orifice Centrifugal Process:

A mechanical method for creating microcapsules has been devised by the Southwest Research Institute
(SWRI), which uses centrifugal forces to launch a core material particle. causing mechanical
microencapsulation through an enclosing microencapsulation membrane. The cylinder's rotating speed,
the coating and core materials' flow rates, and the core material's concentration, viscosity, and surface
tension are examples of processing factors.

The multi-orifice centrifugal method (shown in figure 3) may microencapsulate liquids and solids with a
variety of coatings and size ranges. supplies. It is possible to provide the encapsulated product as a dry
powder or as a slurry in the hardening mediator. The method has been used to produce 50 to 75 pounds
each hour.[2]
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Multi-orifice Centrifugal Process (Fig 3)
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Spray coating:

© 2025 IJNRD | Volume 10, Issue 11, November 2025| ISSN: 2456-4184 | [[NRD.ORG

A common method for encasing solid or porous particles is spray coating. Particles are manipulated and
rotated in a predetermined manner during spray painting procedures such that a It is possible to uniformly
spray the liquid coating mixture onto each particle's surface. Evaporation of the solvent or cooling is used
to allow the coating formulation to dry. Typically, until the required capsule thickness is reached, the
coating cycle may be repeated. Spray coating may be roughly divided into tw

categories: fluidized bed coating and pan coating, depending on how the particles are combined and spun.
Tablet surfaces are more frequently coated with the latter, whereas microencapsulation uses the former
extensively. The solid microparticles are suspended in a flowing gas stream using fluidized bed coaters.
There are three varieties of flushed bed coaters that vary in the location of the top spray, tangential spray,
and bottom spray nozzles that apply the liquid coating composition (Fig. 4). The coating solution is
sprayed onto the fluidized bed from the upper portion of the device in a top spray coater. Gas streams
carry microparticles upward until they come into contact with coating formulation droplets. If there is a
volatile solvent in the coating solution, the interval between the droplet's leaves the nozzle and, when
coming into contact with the microparticle, will cause the coating for the mulation droplet to become more
solid, which will reduce the droplet's capacity to spread out on the particle surface. A more continuous
coating can be produced using tangential spray and bottom spray (Wurster spray) devices. Bed coaters,
the droplets that are sprayed follow the same path as the gas stream that transports the microparticles.
Following coating, the gas stream carries the microparticles into the top section of the spray coating unit,
where they can cool or evaporate the solvent to harden the coating.the tiny particals fall and clam down,a
new cycle starts. Until the required coating thicknees is reaches,this produes is repeated .At the moment,
process analytical techniques (PAT), such near infrared (NIR) spectroscopy, are also used to track the
drying progress. Spray coating techniques may be more reliant on physical factors for encapsulation
quality than any of the previously listeincluding temperature, nozzle-to-bed distance, and the rate of gas
flow. A large nozzle-to-bed distance, for example, may cause premature solvent evaporation to the point
that somemicroparticle surfaces are not uniformly covered. The density of the core material and the
viscosity of the coating formulation are two physicochemical elements that influence the quality of spray
coating in addition to physical characteristics.[14]

Pan Coating:

The pharmaceutical sector now widely uses pan techniques for microencapsulating relatively big particles.
Solid particles larger than 600 microns are typically thought to be necessary for an efficient coating in
microencapsulation, and this technique has been widely used to restore controlled release beads. Typically,
protective lagers of different polymers are used to coat medications onto a variety of spherical substrates,
including nonpareil sugar seeds. The coating is actually sprayed to the intended solid core material in the
coating pans as a solution or as an atomized spray. Coating process is described in figure 5.
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Pan-Tablet-related
Parameters

-

.

Spray-related
Parameters

-

Pan Diameter
Pan Speed
Pan Depth

Pan Brim “VYolume
Pan Load
Core Shape
Core Size
Baffle Efficiency
Number of Guns
Ace. Due to Grawity

Spray Rate
Inlet Ajirflow
Inlet Temperature
Air Properties
Exhaust Temperature
SAtomizing Air
Solution Properties
Sun-to-bed Distance
MNozzle Type and Size
Coating Time

Typically, in order to eliminate the coating solvent, As the coatings are applied in the coating pans seen
in Figure 6, heated air is circulated over the covered components. Typically,medications are applied on a
variety of spherical substrates, such nonpareil sugar seeds, and then covered with layers of protective

polymers.[12]
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Air suspension coating:

As seen in figure 7, air suspension coating, initially introduced by Dale Erwin Wurster at the University
of Wisconsin in 1959, provides better control. and suppleness in contrast to pan coating. The solid
particulate core material is distributed throughout the supporting air stream during this process, and the
suspended particles are covered with a very thin coating of polymers in a volatile solvent. This air-
suspension procedure is carried out hundreds of times until the necessary coating and other criteria are
met. thickness, and so forth. The air stream that holds the particles in place also aids in their drying, and
the rate of drying is closely correlated with the air stream's temperature, which may be adjusted to further
alter the coating's characteristics.[6]
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Centrifugal Extrusion:

In order to encapsulate liquids, a spinning extrusion head with concentric nozzles is used. This procedure
involves a sheath of wall solution enclosing a jet of core liquid or melt. Based on Rayleigh instability, the
jet separates into core droplets as it passes through the air, each of which is covered with the wall solution,
as seen in figure 8. It is possible for the molten wall to solidify or for a solvent to evaporate from the wall
solution while the droplets are in flight. [6]

Centrifugal extrusion:
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Interfacial Polymerization
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In-Situ Polymerization

5. Matrix polymerization

Chemical Methods:
l. Coacervation Phase Separation:

As seen in figure 10, the main layout of the procedures consists of three phases that are carried out while
being constantly stirred.
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Formation of Three Immiscible Chemical Phases: Three stages: coating material, core material, and liquid
production vehicle. The three phases were created by dispersing the core material in a solution of the
coated polymer, with the liquid production vehicle phase serving as the solvent. One of the phase
separation-coacervation techniques is used to create the coating material phase, an immiscible polymer in
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a liquid state, i.e., by Altering the polymer solution's temperature, introducing a salt, non-solvent, or
incompatible polymer, or causing a polymer-polymer interaction are all possible methods.
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Deposition of the CoatingS: The liquid polymer coating is deposited on top of the core material. This is
achieved by the physical, regulated mixing of the component of the manufacturing machine. Effective
coating requires the polymer to be absorbed at the interface created between the liquid vehicle phase and
the core material, which is where the liquid polymer coating is deposited around the core material. As the
liquid polymer droplets clear, the coating material's surface area decreases, resulting in a decrease in the
system's overall free interfacial energy that encourages the coating material to continue depositing.[11]

Solvent Evaporation/Solvent Extraction:

The creation of microcapsules by solvent extraction or evaporation is somewhat similar to suspension
cross linking, although The polymer in this instance is often hydrophobic polyester. Dichloromethane or
chloroform are examples of water-immiscible volatile organic solvents in which the polymer dissolves
and disperses the core material. Drop by drop, the resultant solution is added to an aqueous stirring solution
containing a suitable stabilizer, such aspolyvinylpyrrolidone or poly (vinyl alcohol), to create tiny polymer
droplets with the encapsulated ingredient.

The matching polymer microcapsules are created as the droplets solidify over time. This solidification is
carried out by extracting the solvent from the polymer droplets using either solvent extraction (using a
third liquid that is a precipitant for the polymer and miscible with both water and solvent) or solvent
evaporation (using heat or decreased pressure). Microcapsules made by solvent extraction have larger
porosities than those made by solvent evaporation. Figure 10 provides a schematic illustration of the
solvent evaporation method of microencapsulation. Drug-loaded microcapsules made of biodegradable
polyesters such polylactide, poly (lactideco-glycolide), and polyhydroxybutyrate .
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Interfacial Polymerization:

The two reactants in a polycondensation gather at an interface and undergo a quick reaction in interfacial
polycondensation. The fundamental idea behind this process is the traditional Schotten-Baumann reaction,
which occurs when an acid chloride reacts with a substance that has an active hydrogen atom, like an
alcohol or amine, polyesters, polyurea, or polyurethane. Thin, flexible barriers quickly develop at the
interface when the proper circumstances are met. An aqueous solution comprising an amine and a
polyfunctional isocyanate is added after a pesticide and di-acid chloride solution has been emulsified in
water. The base exists to offset the acid that is created throughout the process. Condensed polymer walls
immediately develop at the contact between the emulsion droplets.[11]

In-situ polymerization:

In some procedures for microencapsulation, the On the particle surface, a single monomer undergoes
direct polymerization. One method involves immersing cellulose fibers in dry toluene and encasing them
in polyethylene. The typical rate of deposition is 0.5 um/min. The thickness of the coating is between 0.2
and 75 pm (0.0079 and 2.9528 mils). Even over jagged protuberances, the coating is consistent.
Microcapsules of proteins are both biocompatible and biodegradable. Compared to those produced via

IUNRD2511268 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijnrd.org/

TNRD
interfacial polycondensation, the inclusion of the protein backbone makes the membrane more elastic and
robust
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Matrix polymerization:

When the particles are formed in various methods, a core material is embedded in a polymeric matrix
(Figure 11). An easy technique Spray-drying is one example of this, where the solvent evaporating from
the matrix material forms the particle. Nevertheless, a chemical shift may also be the source of the matrix's
solidification. Using this method, the material to be encapsulated (core) is introduced to the stirred aqueous
polymerization solution with drops of the monomer (alkyl acrylate). substance) and an appropriate
emulsifier. Primary nuclei are formed when the polymerization process starts and the first polymer
molecules are precipitated in the aqueous media. These nuclei increasingly enlarge as the polymerization
process goes on, trapping the core material to create the finished microcapsules

SUMMARY:

Microencapsulation is a formulation technology used to entrap solid, liquid, or gaseous materials within
protective polymeric coatings to improve stability, control drug release, and enhance therapeutic
performance. According to the work of Simon Benita, microencapsulation plays a crucial role in modern
pharmaceutical development by enabling the controlled delivery of drugs that would otherwise degrade
rapidly, demonstrate poor solubility, or exhibit undesirable pharmacokinetics. The microcapsules formed
through this technique act as protective reservoirs, shielding the core material from environmental factors
such as moisture, pH, and enzymatic degradation. A major application of microencapsulation is controlled
and sustained drug release. By modifying the polymer composition, thickness, and encapsulation method,
formulators can design systems that release the drug gradually, maintaining therapeutic levels over
extended periods while reducing dosing frequency. This is particularly beneficial for drugs with short half-
lives or narrow therapeutic windows. Additionally, microencapsulation improves taste masking, enhances
bioavailability, and enables targeted delivery—for example, releasing drugs specifically in the colon or
avoiding degradation in the stomach.

Benita also highlights the technology’s broad versatility, with methods such as spray drying, solvent
evaporation, coacervation, and interfacial polymerization enabling encapsulation of a wide variety of
therapeutic agents. Microencapsulation is further used in vaccines, peptides, probiotics, and
nutraceuticals, expanding its relevance beyond conventional pharmaceuticals. Overall,
microencapsulation is a vital tool for improving drug stability, modifying release profiles, and optimizing
therapeutic outcomes, making it a cornerstone of advanced drug-delivery research.

CONCLUSION:

In conclusion, the encapsulation of compounds within microspheres, microcapsules, or microparticles
offers a potential path for the advancement of drug delivery systems. Its benefits, such as increased
stability and extended release, provide answers for traditional medication delivery problems. While
recognizing formulational complexity and possible limitations, optimization requires a sophisticated
understanding. From spray drying to coacervation, a thorough examination of microencapsulation
processes highlights the variety of approaches essential for customizing medication formulations.

For researchers hoping to fully realize the promise of microencapsulation, this knowledge is essential. The
wide range of uses for microencapsulation, from flavor masking to controlled drug administration,
demonstrates how adaptable it is in influencing drug development. Future developments in targeted
medicine are expected to combine treatments, and smart materials provide promising opportunities for
more accurate medication administration. Drug delivery might be revolutionized by the ongoing
improvement of microencapsulation techniques in conjunction with new technology. In summary, this
study establishes the groundwork for upcoming advancements while also elucidating existing definitions,
advantages, disadvantages, techniques, and applications.
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