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Abstract 

Now a day’s medication systems that need frequent dosing are always with problems. So there is thrust in the 

area of pharmaceutical research to develop novel formulations, which will enhance the therapeutic efficacy 

of the existing drug. Pelletization on is a technique that enables the formation of spherical beads or pellets 

with a mean diameter usually ranging from 0.5 to 2.0 mm. These pellets can evantually be coated and very 

even used in controlled-release dosage forms. The use of Pelletization on and pellets leads to an 

improvement in the flowability, appearance and mixing properties, thus avoiding excessive dust and reducing 

segregation and, generally, eliminating undesirable properties and improving the physical or chemical 

properties of fi ne powders. The manufacturing techniques include Drug layering, Extrusion-Spheronization, 

Cryopelletization, Compression, Balling, Hot-Melt Extrusion Technology, Freeze pelletization, Spray-drying 

& Spray-congealing. Factors affecting pelletization technique and advantages, disadvantages of pellets are 

discussed.  
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INTRODUCTION 

 

Pelletization can be defined as an agglomeration (size-enlargment) process that converts fi ne powdersor 

particles of bulk drugs and excipients into small, free-flowing, more or less spherical units, called pellets. 

“Pelletization” is often referred to as a size-enlargement process that involves the manufacture of 

agglomerates with a relatively narrow size range, usually with mean size from 0.5 to 2.0 mm, named 

“pellets”. Pellets have free-flowing properties and a low porosity (about 10 %). 

The spherical shape and a low surface area to volume ratio of pellets made uniform film coating. Pellets 

eliminate the dose dumping effect, which gives smoother plasma concentration profile and gradual 

absorption of drug than tablet, which further decrease the adverse effect of drugs. 
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 They are generally produced via a pelletization process whereby a powder blend consisting of an API and 

excipient particles is agglomerated into spherical granules. 

Pellets provide the development scientist with a high degree of flexibility during the design and development 

of oral dosage forms. They can be divided into desired dose strengths without formulation or process 

changes, and can also be blended to deliver incompatible bioactive agents simultaneously or particles with 

different release profiles at the same site or at different sites within the gastrointestinal tract. 

With minor modifications in the formulations, pellets can have different release profiles at the same or 

different sites in the gastrointestinal (GI) tract. 

In addition, pellets have numerous therapeutic advantages over traditional single units, such as tablets and 

powder-filled capsules. Taken orally, pellets generally disperse freely in the gastrointestinal tract, and 

consequently maximize the drug absorption, minimize local irritation of the mucosa by certain irritant drugs 

because of the small quantity of drug available in a single pellet, and reduce inter- and intrapatient 

variability. 

History of pellets  

A  major  breakthrough  occurred  in  1949  when  a pharmaceutical  scientist  SmithKline  and  French  

(SKF)  realized  the  potential  application  of  candy  seeds  in  sustained  release  preparation  and  

embarked  on  th development  of  tiny  drug  pellets  that  could  be  loaded  in capsule. (Hirjau M. et al, 

2011)  

In  1964,  a  new  pelletization  technique  that  provided sustained  release pellets  ranging  in  size  between  

0.25–2.0 mm was  patented  by SKF at  the  same  time marumerizer or spheronizer  was  commercially  

introduced.  The  new machine  was  developed  in  Japan and  could  produce  large quantity of spherical 

pellets  in short time. The marumerizer and variation of it  were subsequently patent in USA.  

Direct pharmaceutical  application  of  the  process  for  the development  of pellets  was  first  published  in  

literature  in the  early  1970  and  the  process  has  been  the  subject  of intensive  research  ever  since.  

Although  pellets  have  been used  in  the  pharmaceutical  industries  for  more  than  4 decades,  it  has  

only  been  since  the  late  1970s,  with  the advent of controlled release technology, that the advantages of  

pellets  over  single  –  unit  dosage  forms  have  been realized. 

Advantages  

The pharmaceutical industry has developed a great interest in pelletization due to a variety of reasons, 

 Uniformity of dose-Layering techniques and extrusion-speronization offers great accuracy with drug 

delivery the pellets. 

 Spheres have excellent flow properties, this becomes very useful in automated processes or in 

processes where exact dosing is required, e.g. tableting, moulding operations, capsule filling, and 

packaging. 

 Prevention of dust formation, resulting in an improvement of the process safety, as fi ne powders can 

cause dust explosions and the respiration of fines can cause health problems. 

 Controlled release application of pellets due to the ideal low surface area-to-volume ratio that 

provides an ideal shape for the application of film coatings. 

 The wide distribution of spherical particles in the gastrointestinal tract limits localized build-up of the 

drug, avoiding the irritand effect of some drugs on the gastric mucosa. 
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 They can be blended to deliver incompatible bioactive agents simultaneously and/or to provide 

different release profiles at the same or different sites in the gastrointestinal (GI) tract.  

 

But pellets also present some disadvantages 

 

 Often pellets cannot be pressed into tablets because they are too rigid. In that case, pellets have to be 

encapsulated into capsules. 

 The production of pellets is often an expensive process and / or requires highly specialized 

equipment. 

 The control of the production process is difficult (e.g. the amount of water to be added is critical for 

the quality of the pellets and overwetting can occur very easily). 

 

Theory of pellet growth and formation- 

 

Several concepts have been hypothesized to corelate the growth of pellets and mechanism of formation of 

pellets. The most systematically studied and classified pelletization process, involves techniques such as 

rotating drum, pan or disc which is divided into three further steps: Nucleation, Transition and Ball growth. 

Whereas, based on the experiments on mechanism of pellet growth and formation the following steps were 

anticipated such as:  

1. Nucleation  

2. Coalescence  

3. Layering  

4. Abrasion transfer  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nucleation is common stage in all pelletization process usually it arises when the powder is wetted with 

binder solution. Here the primary particles are strained together to form three phases that is air-water-liquid 

nuclei these nuclei are attached to one another by the liquid bridges which are pendular in nature. Nucleation 

is followed by a transition stag, here the growth mechanism affects the transition stage due to coalescence 

and layering. The coalescence is defines as well formed nuclei due to the collision of large size particles, 

during this step the total mass remains uncharged and the number of nuclei reduces gradually. The layering 

step involves the layering of already formed nuclei by sequential addition of material. Followed by transfer 

of material from one pellet to another without any predilection in the direction is abrasion transfer. The 

 
Fig- Pellet growth and formation 
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growth mechanism is indirectly affected by the three size reduction mechanisms mostly layering and to some 

level coalescence. The size reduction of well-formed particles occur due to attrition, breakage and shatter. 

 

 

METHODS OF PELLETIZATION 

 

Pelletization methods used in the pharmaceutical industry can be grouped by various criteria, e.g. 

by the type of equipment used, the intensity of the mechanical forces involved or the techniques employedfor 

the production of pellets. 

 

1. Extrusion / Spheronization- 

The extrusion–spheronization technique is the most popular method of producing pellets .This process was 

first reported by Reynolds and by Conine and Hadley and involves four steps:  

(i) preparation of the wet mass (granulation) 

(ii) shaping the wet mass into cylinders (extrusion) 

(iii) breaking up the extrudate and rounding of the particles into spheres (spheronization) 

(iv) and drying of the pellets. 

According to Galland et al., wetting operation brings the material to a state in which porosity is linked to 

water content. The extrusion operation densifies the material to saturation point while spheronization is only 

a shaping process which maintains hydro-textural state. The drying operation finalizes the textural 

characteristics of the product by densifying the medium through induced shrinkage. 

Advantages of extrusion–spheronization over other techniques includes: ability to incorporate higher levels 

of active components without producing excessively larger particles; two or more active agents can be easily 

combined in any ratio in the same unit; physical characteristics of the active ingredients and excipients can 

be modified; and particles having high bulk density, low hygroscopicity, high sphericity, dust free, narrow 

particle size distribution and smoother surface can be produced. 

 

Steps used in extrusion–spheronization 

Granulation- 

Granulation involves preparation of the plastic mass of the material. Different types of granulators are used 

to perform the mixing of the powder blend and the granulation liquid. The most commonly used granulators 

are a planetary mixer, high-shear or sigma blade mixer. 

Gao et al. have proposed a protocol that could be a valuable asset in a formulation development project to 

assess the physical properties of wet masses and to predict formation and pellet quality. So, the tedious and 

expensive pre-production (pre-formulation and optimization) work could be considerably reduced. The wet 

granulation process plays an important role in extrusion–spheronization. With the introduction of a twin 

screw extruder (TSE), it allows the possibility of wet granulation to run continuously in contrast to a 

conventional batch process using a high shear mixer (HSM). Lee et al. have investigated this process and 

compared it with HSM granulation process with regard to the granule properties. 

Extrusion- 

Prepared plastic mass undergoes extrusion in which pressure is applied to a mass until it flows out through an 

orifice to produce the extrudates. The extrudate length may vary, depending on the physical characteristics of 

the materials to be extruded, method of extrusion, and how particles are manipulated after extrusion. 

Extrusion is performed using four main classes of extruders: screw, sieve and basket, roll, and ram extruders. 
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Fig- Screw Extruder 

 

Fig-Ram Extruder 

 

 

2. Suspension / Solution layering technique- 

 

It involves the deposition of successive layer of solution or suspension of drug substances and binders on 

starter seeds which may be inert material or crystal of granules of the same drug. In this drug particles and 

others component are dissolved or suspended in the application medium. The droplets impinge on the starter 

seeds or cores and spread evenly as the solution or suspension is sprayed on the cores. Followed by drying 

phase allows dissolved material to crystallize and form solid bridges between the cores and initial layer of the 

drug substances and among the successive layer of drug substances or polymer. Continue this process until 
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the desired layer of drug or polymer formed. Consequently conventional coating press, fluidized bed 

centrifugal granulator of wurster coater has been used successfully to manufacture pellets. The most common 

configuration for bottom spray coating is known as the Wurster system. In this study solution/ layering of 

neutral pellets has been conducted applying novel fluidized bed technology from. This technology claims to 

improve the product movement in defined direction in all the equipment by the disk jet gas distribution plate. 

Furthermore, a 3 component spray nozzle is used in order to improve the film formation on the pellets due to 

constant and reproducible drop size distribution. Huettlin’s three component nozzle is an air nozzle with an 

additional channel through which a second gas or component can be introduced to create a special 

microclimate around the nozzle which prevents excessive spray drying or clogging of the nozzle. Such 

microclimates near nozzle apertures are very useful when a film former with a relatively high minimum film-

forming temperature issued. 

 

 

 
Fig- Solution layering technique 

 

 

3. Droplet formation-  

 

It is also called as globulation. It consists of two related processes, spray drying and spray congealing. Spray 

drying is the process in which drugs in the suspension or solution without excipients are sprayed into a hot 

stream to produce dry and more spherical particles. Spray congealing is the process in which a drug is 

allowed to melt, disperse or dissolve in hot melts of gums, waxes or fatty acids, and is sprayed into an air 

chamber where the temperature is kept below the melting point of the formulation components, to produce 

spherical congealed pellets. Both immediate- and controlled-release pellets can be prepared in this process 

depending on the physicochemical properties of the ingredients and other formulation variables. 

 

4. Freeze pelletization- 

 

It is a technique in which the droplets are introduced using needles or nozzles or atomizer into the inlet 

column of liquid and dropped from a certain height, so that droplets remain intact as they fall into the liquid 

column. The process can be scaled-up by increasing the number of nozzles based on the desired rate of 

production and they can be static or vibrated electrically. Size of needle gauge ranges from 16-31 depending 

on the size of the pellets desired. These droplets move either to the top or bottom of the column depending on 

their density with respect to liquid in the column. Based on the movement of molten-solid droplets, two 
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apparatus are designed. The former Freeze pelletizer I, with an inlet at the top for introducing droplets and 

these droplets settle at the bottom of the column as the density of the matrix droplet is more than the liquid 

column. Freeze pelletizer II is used when the carrier droplet density is less than the liquid column which has 

an inlet at the bottom and the droplets solidify at the top. The column is 24 inches long and made of 

borosilicate glass. It is divided into two portions; initial portion with a temperature of 250 C to 1000 C, a 

region where the droplets are introduced. The second is cooling portion at which the droplets solidify and 

form spherical pellets; having a temperature 0 0 C to -400 C maintained using cooling mixture such as 

acetonitrile which is either dry ice or salt-ice. The carriers used should be solid at room temperature and have 

melting point below 100°C in order to minimize degradation of the active constituent. The molten solid 

matrices may be hydrophilic or hydrophobic. For freeze pelletizer I, hydrophilic carrier matrices used are 

polyethylene glycol; polyvinyl alcohol; low melting point sugars like xylitol, dextrose, sorbitol, maltose; 

water soluble polyoxyethylene derivatives; polyethylenepropylene glycol copolymers; polyethylene oxide 

derivatives; PEG-PEO derivatives. For freeze pelletizer II, hydrophobic solid carrier matrices used are ; 

glyceryl dibehenate; ethylene glycol palmitostearate; cetostearyl alcohol; stearyl alcohol; cholesterol; 

hydrogenated vegetable oils; phospholipids; lanolin; triglycerides; long chain fatty acids or hydrocarbons and 

hard fat . In case of hydrophilic carriers, hydrophobic liquid column and for hydrophobic carriers, 

hydrophilic column is used. For freeze pelletizer I, hydrophobic liquid columns used are low density oils 

such as silicone oils, mineral oils, vegetable oils, aliphatic long chain hydrocarbons and for freeze pelletizer 

II, hydrophilic columns such as liquid propylene glycol, glycerin, ethyl alcohol, water are used. These 

carriers are melted at a temperature 5-10°C higher than the melting point of the carrier solids. For sustained 

release pellets containing mixture of hydrophilic and hydrophobic solids, liquids that are immiscible with 

both hydrophilic and hydrophobic molten solids are used as cooling liquid in the column 18-20. This 

technique involves less process variables and also offers several advantages like production of non-porous 

spherical pellets with narrow particle size range which are feasible for further coatings like delayed; colon 

targeted and sustained release coatings. Since the pellets are solid at room temperature, they do not require 

drying. 

 

5. Cryopelletization 

 

Cryopelletization is a process whereby droplets of a liquid formulation are converted into solid spherical 

particles or pellets by using liquid nitrogen as the fixing medium. The technology, which was initially 

developed for lyophilization of viscous bacterial suspensions, can be used to produce drug-loaded pellets by 

allowing droplets of liquid formulation such as solution, suspension or emulsion to come in contact with 

liquid nitrogen at -1600°C. The procedure permits instantaneous and uniform freezing of the processed 

material owing to the rapid heat transfer that occurs between the droplets and liquid nitrogen. The pellets are 

dried in conventional freeze dryers to remove water or organic solvent. The equipment consists of a container 

equipped with: Perforated Plates, A Reservoir, Conveyor belt with Transport baffles Storage Container. The 

perforated plates generate droplets that fall and freeze instantaneously as they come in contact with the liquid 

nitrogen below. The frozen pellets are transported out of the nitrogen bath into a storage container at -600°C 

before drying. The critical step is droplet formation and is influenced by formulation related variables like 

viscosity, surface tension and solid content, equipment design ith diameter less than 2 mm the liquid nitrogen 

should be stirred continuously to prevent agglomeration. This technique may be used to produce drug loaded 

pellets for immediate as well as controlled release formulation. 
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6. Compression/compaction  

 

It is one type of compression technique for preparing pellets. Pellets of definite sizes and shapes are prepared 

by compacting mixtures or blends of active ingredients and excipients under pressure 48. The formulation 

and process variables controlling the quality of pellets prepared are similar to those used in tablets 

manufacturing. Influence of formulation and compression parameters on the properties of tablets containing 

enteric coated pellets and on the integrity of the enteric polymer of the individual pellets often compression. 

 

Factors affecting pelletization technique- 

 

 Moisture Content It is one of the critical parameter for pellet growth in pelletization technique 

.Moisture in the wet mass bring cohesiveness to the powder so that the wet mass can be extracted and 

spheronize to give spherical shape. High moisture contents lead to agglomeration of pellets during the 

process of spheronization which is one of the technique of pelletization due to excess of water in the 

surface of pellets and low moisture content lead to generation of fines with large variation in size 

distribution.  

 Rheological characteristics The rheological condition of the wet mass determines the flow ability in 

extruder optimum rheological condition leads to good flow ability in order to extrude the wet mass 

variation in rheology make improper and non-uniform extrusion 

 Speed of the spheronizer The speed of the spheronizer affects the size, hardness, sphericity and 

density of pellets, high speed gives high sphericity, lower friability, smooth surface and higher 

crushing strength. 

 Drying technique and drying temperature It is important to get proper size, shape and flow of 

pellets and it must be reproducible and consistent in all the batches. Variation in pellet's size, shape 

and flow will lead to difference in physicochemical properties of final dosage form like weight 

variation, improper filling etc, which will further affect the therapeutic efficiency of the delivery 

system. Wider particle size distribution may lead to variation in the dose of drug delivery. Variation 

in shape may lead to variation in flow and compressibility. 

 Physical properties of starting material Formulation variable such as type and content of starting 

material, type of filler and particle size of constituent have the effect on the pelletization process. 

Quality of pellets depends not only upon composition but also on different grades of the same 

product. The swelling property of material used in pelletization technique decides the release rate of 

the drug in pellets. 

 Extrusion screen The quality of the extrudate / pellets is greatly influenced by the characteristics of 

the orifice of the screen. An increase in orifice dimension resulted in increased mean pellet size. The 

increase in orifice depth decreased with the presence of water at the extrudate surface, increasing the 

extrusion force, and then had a negative effect on granulometric distribution and on shape. 
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