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Abstract:  

Microencapsulation, which produces capsules with sizes varying from less than one micron to several hundred microns, is the 

act of enclosing or wrapping one substance within another substance on a very small scale. The concentration of the polymer, 

the solubility of the polymer in the solvent, the rate of solvent removal, the solubility of the organic solvent in water, and other 

parameters all affect how well the microparticles, microspheres, or microcapsules are encapsulated. Numerous methods can 

be used to achieve microencapsulation. It is possible to microencapsulate substances with the goal of keeping the core 

substance contained within the capsule walls for a predetermined amount of time. Alternately, core components may be 

encapsulated so that they release gradually through the capsule walls (a process known as controlled release or diffusion) or 

suddenly (a process known as rapid release). 
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Introduction : 

The method of micro-encapsulation involves surrounding minute particles or droplets with a coating to create tiny capsules. 

In  its most straight forward form, a microcapsule is a tiny spherical surrounded by an even wall. The substance contained 

within the microcapsule is known as the internal phase, fill, or core, while the wall is referred to as a cover, shell, or membrane.  

There are now more foods included in the definition. Each category of food ingredient has been condensed, and tastes are the 

most typical. The method of physical and chemical properties of the microencapsulant chemical characteristics of the 

substance to be encapsulated(2). These tiny containers have a numerous advantages, such turning liquids to supplying solids, 

separating reactive substances, and better materials, protection of the environment dealing with properties. 

Then, barrier polymers (wax, gelatin, plastic) in micron-sized capsules are used to encapsulate too many active ingredients. 

However, microcapsules don't resemble one another much of these basic spheres. The center could be a crystal, an emulsion, 

a rough adsorbent particle, a solids suspension, or a suspension of more compact microcapsules. The microcapsule may have 

more than one wall.(1)  
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Based on the nature of the core and how the shell was created, microcapsules are categorized into three groups.  

 

1)Mononuclear/single core: -The outer shell of the microcapsule surrounds the core. 

 

2)Multiple cores and polynuclei: - In polynuclear capsule, the shell houses multiple cores. 

 

3)Matrix encapsulation is one sort of matrix comprises a consistent distribution of the main substance throughout the 

substance of the shell. In addition to these three essential shape microspheres, mononuclear and having numerous shells or 

forms clusters of microspheres.(3)(4)  

 

 

 

 

Reasons for microencapsulation:  

1. It is mostly used to lengthen the product's stability and lifespan. 

2. To regulate how quickly it exits the microcapsule, the regulated release. 
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3. A liquid can be easily transformed into a pseudo-solid storing and managing.  

4. Microencapsulation is used to offer safeguarding the key components from atmospheric condition. 

5.Delaying a volatile core's evaporation and enhancing the controlling a sticky substance's characteristics or separating a attack 

on a reactive core by chemicals.(5) (6)  

 

 

 

Fundamental consideration  

Release mechanism 

1. Degradation controlled monolithic system :In this technique, the medication is evenly dispersed throughout the 

matrix. The medication is firmly bonded to the matrix and is released when the matrix breaks down. Diffusion of drugs 

is therefore slower than matrix deterioration. 

 

2. Diffusion controlled monolithic system: These systems are distinguished by the release of active ingredient by 

diffusion either before or simultaneously with the breakdown of the polymer matrix. Consequently, the rate of drug 

diffusion is increased is equivalent to the pace at which polymers degrade. Price of release is also dependent on how 

much the polymer deteriorates by  Mechanism homogenous or heterogeneous.  
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3. Diffusion Controlled reservoir system: A rate-regulating membrane surrounds the active ingredient, allowing it to 

diffuse through the membrane only once the active ingredient has been delivered. In These drug delivery techniques 

are not impacted by the degeneration of the matrix. 

 

 

4.Erosion: With some coating materials, such as glyceryl mono stearate, bees wax, and stearyl alcohol, medication release is 

caused by erosion of the coating due to pH and enzymatic hydrolysis.(7) (8)  

 

Core Material : 

Core components 

The core material, which is the particular substance that will be coated, can either be a liquid or a solid. Due to the liquid core's 

ability to include dispersed and/or dissolved components, the composition of the core material might vary. Active ingredients, 

stabilizers, and the substantial core Excipients, release-rate retardants, and diluents are also used. Utilizing these qualities 

frequently enables effective design and development of the necessary microcapsule attributes. The capacity to change the 

core material composition provides definite flexibility.(9) (10)  
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Coating material: 

Materials for coating 

The physical and chemical characteristics of the resulting microcapsules or microspheres are determined by the choice of the 

correct coating material. When choosing a polymer, consider the needs of the product, such as stabilization, reduced volatility, 

and release. Considerations such as traits environmental factors, etc., should be made. The polymer must be able to create a 

film. It should be compatible chemically, not react with the primary substance, and deliver the desired strength, adaptability, 

impermeability, optical qualities, and stability of the coating. 

For the microencapsulation procedure, hydrophilic polymers, hydrophobic polymers, or a combination of both are typically 

utilized. Several coating materials, including as gelatin, polyvinyl alcohol, ethyl cellulose, cellulose acetate phthalate, and 

styrene maleic anhydride, have been employed successfully. The amount of variation in the film thickness depends on the 

Surface area of the object to be coated and other system physical details.(11)The microcapsules could include a either a solitary 

particle or a group of particles. The substance appears as a free material after being separated from the liquid manufacturing 

vehicle and dried and material appears as a free flowing powder. The powder can be created into solutions, hard gelatin 

capsules, compressed tablets, and various dosage forms.  

The coating material must have the ability to produce a layer that is cohesive with the core material, be chemically inert and 

nonreactive with the core material, and offer the desired coating attributes, such as strength, flexibility, impermeability, optical 

properties, and stability. The coating components utilized in microencapsulation techniques are somewhat susceptible to in 

situ modification. (12)  

Reasons: 

Reviewing the literature that already exists and studying free or cast films can both help in the selection of a particular coating, 

albeit the practical application of free-film knowledge is frequently hampered for the following reasons: 

The typical casting methods used to generate cast or free films result in films that are significantly thicker than those made 

using the microencapsulation of tiny particles; hence, extrapolating the cast film results to the thin films may not be possible.  

The precise microencapsulation technique used for the application of a particular coating results in unique and distinctive 

Qualities that are challenging to mimic with current film casting techniques.  

Consequently, the choice of the core material’s coating substrate’s impact on the coating’s qualities could be significant.(13)  

Coatings' characteristics : 

Controlled release under predetermined circumstances. 

Stable with respect to the basic substance. 

Indifferent to the active substances. 

Stable Film-forming, Flavorless, 

economically sound. 

The coating may be thin, rigid, flexible, etc. 

Melting or soluble in a watery medium or solvent.(14)(15) (16)  

Examples: 

Water-soluble resins such as gelatin, gum arabic, starch, polyvinylpyrrolidone, carboxymethylcellulose, and 

hydroxyethylcellulose are examples of coating materials, Arabinogalactan, polyvinyl alcohol, polyacrylic acid, and 

methylcellulose. 
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Ethylcellulose, Polyethylene, Polymethacrylate, Polyamide (Nylon), Poly (Ethylene Vinyl acetate), cellulose nitrate, Silicones, 

and Poly lactideco glycolide are examples of water-insoluble resins. 

Paraffin, Carnauba, Spermaceti, Beeswax, Stearic acid, Stearyl alcohol, and Glyceryl stearates are examples of waxes and lipids.  

Shellac, cellulose acetate phthalate, and Zein are enteric resins.( 17) (18) (19)  

 

 

Different polymer used for coating in Microencapsulation: (20) (21)  

 

Types of polymer Examples 

Natural polymer:  

Protein Albumin 
Gelatin  
Collagen 

Gums Gum Arabic 
Sodium alginate  
carrageenan 

Cellulose Carboxymethylcellulose 
Methylcellulose 

Lipids Bees wax 
Stearic acid  
Phospholipids 

Carbohydrates Starch  

Dextran 
Sucrose 
Agarose 
Chitosan 

Chemically modified 
carbohydrate 

Polystarch  
polydextran 

  

Synthetic polymer:  

Biodegradable Lactides 
Glycolides and co-
polymers 
Poly alkyl cyanoacrylates 
Poly anhydrides 

Non biodegradable Acrolein 
Glycidyl methacrylate 
Epoxy polymers 
Poly methyl methacrylate 

 

Technique: (22) (24) (25)  

Microcapsule manufacturing methods  
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Physical technique 

1. Pan coating- 

Using classic sugar coating pans is the “traditional,” or oldest, method of creating cores for controlled release. 

Consequently, this approach has the same drawbacks. Such restrictions as tablet sugar coating.involve necessitating 

physical intervention and the use of an operator’s abilities. It proceeds gradually, taking A single batch of material may take 

days or weeks to prepare. The following is a typical pan coating technique:  

The non-pareil seeds are put in a typical coating pan and soaked in an alcohol/binder solution. The medication powder is 

added once the mixture has turned sticky. To the seeds that rotate. The drying process is then started. Repeat these actions 

until the desired outcome is achieved. In order to slow the rate of release of the sustained-release preparation’s active 

ingredient, a polymer solution (such as ethylcellulose solution) is applied to the coated pellets. The medication found in 

the finished pellets. The development of The medication powder could be suspended into spray The alcohol/binder 

combination.Then, to create drug pellets, the drug/binder/alcohol slurry is sprayed onto the non-pareil seeds using either 

an airless or air atomization device.  

The Ineffectiveness of drying throughout the entire coating process is the system’s main flaw. The Approximately equal 

amounts of exhaust air and drying air enter and exit. The same location. It’s possible to let some of the drying air out. 

Before it ever reaches the surface of the pellets bed. So, it might Never get a chance to get rid of any solvent before it 

leaves Within the pan. As the pellets are the only thing the drying air touches The drying rate at the tumble bed’s surface 

is typically Slow, resulting in a protracted coating period. 

Two recent innovations can be used to increase the drying efficiency in traditional coating pans. One, created by Strunck, 

who used a to pump drying air into the pan tube submerged in the bed of pellets. After that, the air is let out. Whereas 

the coating is present through a plenum above the pellet surface A nozzle in the inlet air duct is used to introduce the 

solution. ( Figures). The second makes use of the submerged sword produced by Ramsey, New Jersey-based Glatt Air 

Techniques, Inc. Once more, the goal is to give the pellet more effective drying. Mass. Nevertheless, the coating solution 

in this latter instance is applied to the surface of the pellet bed in the usual way.(10,ll) 

An alternative to the previously mentioned pan coating systems is the DriaCoater@. Hollow ribs on the conical and 

cylindrical sections of the device are used to introduce drying air. Pan. Drying air is coming up through the pellet bed. To 

the outside, where it is vented out the back. This has the effect of fluidizing the particle bulk somewhat. It is increases the 

effectiveness of drying and helps blend pellets while reducing the damage to pellets caused by strong baffle systems in 

alternative kinds of apparatus. 
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2. Air suspension 

Compared to pan coating, air suspension coating provides more manipulation and variety. It was initially introduced by 

Professor Dale Erwin Wurster at the University of Wisconsin in 1959. This method disperses the solid particulate middle 

material into the supporting air, and the suspended debris are lined with polymers in an erratic solvent, leaving behind an 

extremely thin film of polymer. Several hundred airsuspension cycles are performed until the necessary coating thickness 

and other parameters are met.is attained. The airflow that assists the trash also makes it easier for them to dry, and the 

charge of drying is directly correlated with the air movement's temperature, which may be altered to also have an impact 

on the residences.  
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Extrusion 

Using a physical process called extrusion, hydrocolloid materials like carrageenan and alginate are filled with live probiotic cells 

(Burgain et al. 2011). It is a tried-and-true method that involves employing the right droplet-generating devices to drive a 

solution containing the cells through nozzles or tiny apertures.The (De vos Et al.2010). First, the bacterial culture is combined 

with a Biopolymer mixture to create a suspension (Sagis 2015; Nedovic and Zuidam, 2010). High pressure is used to extrude 

the final liquid through a nozzle, and the resulting droplets are collected in a gelling bath (often a CaCl2 mixture). Gel beads 

are created immediately after the cells Are caught inside a three-dimensional grid that originates from The polymer’s ionic 

cross-linking (Sagis 2015). 

The process is known as prilling when the formation of droplets is regulated. The jet flow can be made to pulse or vibrate in 

order to create this kind of pattern.Via an electrostatic field or coaxial flow (Burgain et al.2011; Krasaekoopt, Bhandari, and 

Deeth 2003; Kailasapathy 2006). The sphericity and size of the beads are altered correspondingly.In relation to the operational 

elements, such the needle diameter, the The separation between the gelling bath and the output, and the Temperature, 

viscosity, concentration, and flow rate of the Piezoelectric parameters and the biopolymer solution(.Rathore et al. 2013; 

Krasaekoopt, Bhandari, and Deeth 2003; Zuidam and Nedovic 2010) 

Extrusion technique has various benefits, including simplicity, ease of handling, and low cost when used on a small scale. It can 

be used in both aerobic and anaerobic environments.In addition, the generated beads show a very narrow size distribution in 

comparison to the emulsion method, and the There is adequate gentleness in the operating conditions to guarantee high 

percentages of viable cells. Additionally, food-grade solvents are involved, because the generation of particles is not 

constrained by the liquid's viscosity. The huge size of the generated particles (2–5 mm) and the technique’s difficulty in large-

scale use due to the slow particle creation are its drawbacks (Mortazavian et al. 2007; Burgain et al. 2011; Chen & Chen 2007; 

Krasaekoopt, Bhandari, and Deeth 2003).On the other hand, the latter can be handled via Jet-cutter methods, rotating disk 

atomizers, or multiple-nozzle systems (De Vos et al. 2010; Zuidam and Nedovic 2010). In order to use the procedure, polymer 

solutions with low to Moderate viscosity and nozzle diameters that are comparatively large (Rathore et al. 2013). 
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SPRAY DRYING 

 

The most popular method of microencapsulation in the food sector is spray drying.A Boake Roberts created the spray drying 

method for creating encapsulating flavoring in 1937 by accidentally adding acetone to tomato puree, which enabled him to 

preserve the tomato powder’s flavor and color during spray drying. Then, apply spray The most significant commercial step in 

the production of dry flavorings is now drying.Enzymes, oleoresins, fat and oil flavor, colorants, vitamins, and fragrance 

compounds have been contained by means of this method.This is a commonly used and cost-effective form of material 

preservation, especially for flavors for which specific equipment is not needed. 

 

Modified starch, maltodextrin, gum, or other materials are hydrated in order to be utilized as the wall material or carrier during 

the encapsulation process. Typically, a 1:1:4 ratio is used to homogenize the encapsulating substance and carrier material. 

Following that, the mixture is placed into a spray dryer and Atomized with a rotating wheel or nozzle. Water evaporates when 

hot air comes into contact with Atomized substance. After the capsules sink to the bottom of the dryer, they are then gathered. 

Gibson (1999). 

 

By creating microcapsules using a comparatively straightforward, continuous process, spray drying microencapsulation has 

advantages over traditional microencapsulation processes. The equipment used for spray drying is the same as that used to 

produce dry milk. 

 

SPRAY CHILLING 

 

Unlike spray drying, which uses hot air, spray chilling uses chilled or cooled air to atomize the material to be encapsulated in 

the carrier (Risch, 1995). When spray chilling (45–122°C), the exterior substance is typically vegetable oil or a Vegetable oil that 

has been hydrogenated or fractionated when spray cooling (32 to 42°C) By using spray chilling or spray cooling, compounds 

that are not soluble in common solvents, frozen liquids, and heat-sensitive components can be encapsulated. This is the most 

affordable encapsulation.method that is frequently employed to encapsulate various organic and inorganic minerals, vitamins, 

and acidulents; salts such as ferrous sulfate; and textural components enzymes, fragrances, and additional useful components 

that enhance heat stability and postpone release in moist conditions, and/or transform hydrophilic liquid ingredients into 

powders that flow freely. 

 

SPRAY COOLING 

 

Since the particles are better described as aggregation of active component particles buried in the fat matrix, spray cooling is 

referred to as “matrix” encapsulation; “true” encapsulation is often reserved for methods that result in a core/shell kind of 

Tiny capsules. A large percentage of the active component remains on the surface of the microcapsules or protrudes from the 

fat matrix after the matrix encapsulation procedure, giving it direct access to the environment. After being added to food, 

particles created using a matrix encapsulation method usually release all of their contents in a matter of minutes. While the 

surface of a core/shell kind of microcapsule can also contain a non-negligible amount of active substances, the majority of the 

ingredient is encapsulated, often resulting in significantly slower release kinetics. The qualities produced by spray 

cooling/chilling are adequate to ensure the necessary delayed release of the chemical in the actual application, even though 

the procedure does not result in a perfect encapsulate. Still, a potent Even when the component is free to be released, binding 

of the substance to the fat matrix may hinder t ocessing causes melting and/or damage to the fat matrix. S. Gouin (2004). 
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Physico chemical method: 

 Cocervation(39)  

Two Dutch scientists, Bungenburg de Jong and Kruyt, originally proposed the word coacervation to refer to the phase 

separation process in colloidal systems (40). They discovered that the precipitation or flocculation of the colloidal material 

from solution was connected to this phase separation, which they named coacervation, and that coacervation was a stage that 

occurred immediately before precipitation from solution. 

 

The separated form Is In the amorphous liquid droplets that made up the colloid-rich solution known as coacervate. There is 

a difference in the solute species concentration between the two phases. The latin root acervus, which means aggregation, 

and the prefix co, which denotes the colloidal particles’ prior union, are the sources of the word coacervation. 

 

The embryonic capsules were formed by the deposition of this coacervate around specific, minute insoluble particles scattered 

in the equilibrium liquid, and the proper gelling of the coacervate deposit produced microcapsules (41,42,43). The fact that 

the solvent components of the two phases are the identical gives coacervation systems their special quality. This is the primary 

distinction between two-phase systems with two immiscible liquids and coacervates (44). 

DESCRIPTION OF COACERVATION/PHASE SEPARATION METHODS 

 

This method is divided into two main groups: aqueous and organic. Aqueous phase separation Has been subdivided by 

Bungenberg de Jong and Kruyt as complex and simple. 

These techniques can only be used to encapsulate substances that are insoluble in water, whether they are in a liquid or a solid 

state. A polymeric or macromolecular wall material is dissolved or disseminated as a solution in water during aqueous 

coacervation/phase separation operations. The aqueous phase contains a dispersion of the hydrophobic core material to be 

enclosed. After a drop in temperature, a change in pH, or the addition of a precipitating agent, encapsulation takes place when 

the core material becomes ”salted out” and encloses the core components. 

This approach is covered below under the labels “simple” and “complex.” In a nutshell, simple coacervation involves the 

removal of the aqueous solvation layer from around the hydrophilic colloids in systems with only one colloidal solute, whereas 

complicated coacervation involves systems with more than one colloidal solute. 

1.Simple Cocervation- 

Addition of chemical substances with a strong affinity for water, such as salts and alcohols, can achieve simple coacervation. 

When temperature, pH, solvent, and salt are suitably selected, simple coacervation can theoretically be achieved in any 

aqueous polymer solution (45,46). 

The level of generated hydration is what this process is mostly dependent on. Two phases are created as a result of the 

additional substances, one of which is rich in colloid droplets and the other is not. Its primary prerequisite is the development 

of a water shortage in a portion of the entire system. The creation of microcapsules through straightforward coacervation is 

shown in Figure 3 (47). The steps listed below (48) can be used to explain the microencapsulation procedure: 

1.The core material’s dispersion in an aqueous 

2.Production of a water shortage that prevents the hydrophilic colloid from depositing and the amplification around the 

center  

3. The coacervate gels and the microcapsules harden. 
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Nixon et al. (49) investigated how the molecular weight of gelatin affected simple coacervation. The findings demonstrated 

that the needed concentration of ethanol reduced as gelatin’s molecular weight rose. Nixon and Walker (50) investigated how 

the in vitro release profile was impacted by pH, temperature, drug concentration, and hardness. The authors investigated the 

impact of gelatin type in their prior works (51). They demonstrated that when acid-processed gelatin was used, pH had to be 

adjusted to a value close to the isoelectric point before encapsulation with ethanol, whereas no pH modification was necessary 

with sodium sulfate under the same circumstances. 

 

2.Complex cocervatation – 

Complex coacervation, which mostly depends on pH, includes neutralizing the charges on the colloids. By combining two 

colloids with opposing charges, this is accomplished (52). Four phases make up the complicated coacervation encapsulation 

process: 

 

1.Making a hydrophilic colloid solution is step one. 

2.Inducing coac- ervation by adding a second hydrophilic colloid solution of the opposite charge 

3.Composure around the center.  

4.he coacervate gels and the microcapsules become harder. 

 

This need is met by a mixture of gelatin and acacia at neutral pH (below the isoelectric point of gelatin) (Fig. 4).As a result of 

their mutual attraction, these two colloids separate into a specific liquid phase known as “coacervate.” Chemical crosslinking 

can stabilize gelatin-acacia gels. Phares and Sperandio (53) provided the first description of this complicated coacervation 

process. Madan et al. (54), who devised the procedure, looked at the effects of changing the initial pH, temperature, ratio of 

solid to encapsulating material, and ultimate pH. According to their findings, all variables had an impact on microcapsules to 

some extent in the following ways (55): The amount extracted dropped as the beginning temperature rose; the smaller the 

ratio, the larger the holding power because of the thickness of the wall; and as the end pH was the variable, there was little 

change in the solid removed.There were also gelatin-gelatin, gelatin-CMC, gelatin-Gantrez, and carbopol-CMC coacervations 

used in addition to gelatin-acacia combinations (56). When gelatins with distinct isoionic points were combined with aqueous 

solutions at a pH between those points, a phase separation occurred that resulted in the formation of two phases. In this 

liquid-liquid complex coacervation, Veis et al. noted that both phases are rich in the same solvent and gelatin (57). Burgess and 

Carless predicted the ideal pH and ionic strength needs for complex coacervation using acid- and alkali-processed gelatin (58). 

The best coacervation pH and salt tolerance may be found using electrophoretic mobility profiles of the polyions, according to 

the authors. According to the kind and concentration of the salt present, Burgess and Carless also shown that complex 

coacervation might be suppressed (59). Additionally, they noticed how neutral salts affected complex coacervation. Mordata 

et al. examined variables including polymer content, molecular weight, and pH of the gelatin solution that may have an impact 

on the coacervation process between type A gelatin and Gantrez-AN polymer (polyvinylmethylether-maleic anhydride) (60). 

Investigations on the impact of surfactants and polyelectrolytes on the drug release from microcapsules were also conducted 

(61).  

Two colloidal species aggregate to form submicroscopic clusters that coalesce to produce microscopic droplets in both simple 

and complex coacervation. 
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ORGANIC PHASE SEPERATION METHOD 

 

The process of organic phase separation is the opposite of that of aqueous phase separation since the wall- The core substance 

is water-miscible and the enclosing phase is hydrophobic in nature. The basic approach is to enclose a water-soluble substance 

in an organic solvent with a polymeric wall material and then add a nonsolvent or another polymeric substance to cause phase 

separation (Fig. 5) (62). The concentration of the polymer, the amount of nonsolvent added, and the temperature all affect 

how much and in what state the polymer is removed from the original solution (63). 

When the substance was microencapsulated, several grades of ethylcellulose’s viscosity were achieved drugs (64). Influences 

of solvent and plasticizer on ethylcellulose micro-capsule. The topic of capsules was covered by Palamo et al. 

Microcapsules might be made by organic phase separation through nonsolvent addition or solvent partitioning. Poly(glycolic 

acid) and poly(lactic acid) and their copolymers (PLGA) were also used in microencapsulation (65). When adopting a nonsolvent 

addition approach, the medication is suspended in a polymer organic solution before a second organic solvent is added to 

cause phase separation. Oxytetracycline HCl was enclosed in PLA by Vidmar et al. using a similar method . By employing PLA 

and carboxyethylcellulose, sulfamethizole has also been encapsulated . The technique of phase separation by solvent 

partitioning was used to encapsulate hydrocortisone.  

This approach involves injecting hydrocortisone suspended in a PLA-methylene chloride solution into a mineral oil, which 

causes polymer to precipitate around the solid hydrocortisone. According to the scientists, this method may create 

microcapsules of any required size regardless of drug loading. Recently, Thomasin et al. established phase diagrams and 

described the coacervate and continuous phases in terms of volume, content, polymer molecular weight, and rheological 

behavior in order to investigate in detail the phase separation process of various types of PLA/PLGA. 

 

 

Chemical Method 

Polymerisation:(25)  

• A noticeably new microencapsulation technique utilizes polymerization strategies to shape protective  

microcapsules in situ. 

• The techniques contain the response of monomeric units positioned on the interface current among a core cloth  

substance and a non-stop section in which the center cloth is dispersed. 

• The non-stop or center cloth assisting section Is normally a liquid or fueloline, and consequently the  

polymerization response happens at a liquid-liquid,liquid-fueloline, solid-liquid, or solid-fueloline interface.  
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2) Interfacial polymerisation: (66)  

 

 

A monomer is produced to polymerize at the interface of two immiscible substances using the interfacial polymerization-

microencapsulation technique. It is feasible to emulsify the mixture in the exterior phase and disperse or solubilize the 

monomer in the internal phase if it is a liquid, up until the appropriate particle size is achieved. A crosslinking agent may now 

be included in the exterior phase.  
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The majority of any polymerization will occur at the interface because there is typically some migration of the monomer from 

the internal to the exterior phase and because it is preferable that the crosslinking agent not migrate to the internal phase 

(67).  

 

Brynko and Scarpelli (68) revealed a unique formulation for dual-walled capsules that combines coacervation and interfacial 

polymerization. They created gelatin-acacia coacervate-shelled dual-walled oil-containing capsules with an inner wall made of 

polymerized styrene-divinylbenzene monomer. In the internal phase, the monomer was dissolved, and polymerization 

happened both during and after coacervation. Temperature adjustments were used to manage the various operations. 

3) In situ polymerisation: (25)  

Similar to IFP, the polymerization of monomers introduced to the encapsulation reactor causes the development of the pill 

shell.The core material is not exposed to any reactive retailers using this technique.Complete polymerization occurs along the 

continuous segment and at the non-stop segment side of the interface created employing the portion that never stops and 

the distributed core material.A low molecular weight prepolymer will be formed initially, as As time passes, the prepolymer's 

size increases.The middle material that has been distributed deposits there at the floor the assistance of utilizing to create a 

robust pill shell.  
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Application of microencapsulation:  (26, 27,28,29,30,31)  

 

 

 

Cell immobilization:  

Human tissue is continually fermented in plant cell cultures to create bioartificial organs. 

2. the creation of drinks 

3. Defense against other chemicals for molecules: 

4.Food, agricultural, and environmental quality and safety. 

5.Inoculating the soil. 

6.inishing techniques for fabrics. 

7.Liquid crystals’ defense 

8.since the majority of flavoring is volatile, encapsulating these ingredients prolongs the shelf life of products by preserving 

flavors that would otherwise evaporate out and be lost in the food. Some substances, such as nutrients used to fortify a product 

without damaging the desired flavor, are encapsulated to hide taste. 

Controlled Release and Sustained Release Dosage Forms: 

1. To cover up the acrid flavor of medications like paracetamol, nitrofurantoin, etc. 

2. Sustained release Aspirin preparations have reportedly been shown to cause considerably less G.I. bleeding than 

standard preparations, helping to alleviate gastric and other gastro intestinal (G.I.) tract irritations. 

3. To facilitate handling and storage, a liquid can be transformed into a pseudo-solid, such as eprazinone. 

4. Microencapsulation can lower the hygroscopic qualities of core materials, such as sodium chloride. 

5. To lessen their smell and volatility, a number of chemicals, including carbon tetrachloride, have been 

microencapsulated. 
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6. To protect the core ingredients from atmospheric influences, such as Vitamin-A Palmitate, microencapsulation has 

been used. 

7. Encapsulation has been used to separate incompatible substances. 

8. Characterization of the physicochemical evaluation: The description of the microparticle 

Medical applications -  

1.the prolonged release of hormones, peptides, and proteins. 

2. Using DNA plasmids for gene therapy and insulin administration. 

3. delivery of vaccinations for the prevention and treatment of diseases such hepatitis, influenza, pertussis, ricin toxoid, 

diphtheria, and contraception. 

4. used for a variety of infectious illness diagnostic tests, including bacterial, viral, and fungal infections. 

Radioactive microsphere’s application 

1. Can be used to radioembolize tumors in the liver and spleen. 

2. Used for local radiation, interactivity treatment, and radiosynvectomy of arthritis joints. 

Cosmetics (32)  

Organic acids are often effective solvents for cosmetic purposes; chitin and chitosan have fungicidal and fungistatic characteristics. The only 

naturally occurring cationic gum that thickens when neutralized with acid is chitosan. The usage of several of these derivatives as nail lacquers has 

also been described. These substances are utilized in creams, lotions, and permanent waving treatments. 

Photography(32)  

Because of its abrasion resistance, optical properties, and capacity for film formation, chitosan has significant uses in the field of photography. 

Silver complexes can easily pass through a film’s layers by diffusion since chitosan does not significantly retain them. 

 

Conclusion :  

When an active component is microencapsulated, it is placed inside a capsule with a size ranging from one micron to several millimeters. Until the 

proper time, the capsule shields the active substance from its surroundings. The substance then exits through the capsule wall by a variety of 

techniques, including rupture, dissolution, melting, or diffusion. Both an art and a science, microencapsulation science. There is no ONE way to do 

it, and every new application presents a different set of difficulties. These puzzles take experience to solve proficiency with a wide range of 

technologies. 
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