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ABSTRACT  

Nowadays, multiple unit dosage forms (MUDF) are preferred as 

they offer many benefits over a single unit dosage form. The 

extrusion-spheronization technique is the most widely used 

technique for the production of MUDF. This article deals with 

multiple aspects and parts of the extrusion-spheronization 

techniques. The initial part deals with different steps in the 

manufacturing of pellets such as granulation, extrusion, 

spheronization, and drying while the final part deals with the 

parameters that govern the quality of pellets. Wherein 

formulation aspects like moisture content, granulating liquid, 

excipients and API, equipment aspects like a mixer, extruder, 

friction plate, and extrusion screen and process aspects like 

extrusion temperature, extrusion speed, spheronization time, 

spheronizer load, spheronization speed, and drying, etc. This 

review also summarizes the pallets characterization aspects like 

particle size distribution, surface area, and surface roughness, 

tensile strength, angle of repose, scanning electron microscopy, 

accelerated stability study properties, etc. 
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INTRODUCTION: 

Nowadays, the interest in pellets that can be filled into the hard gelatin capsules or for making 

a tablet by compressing is increasing [1].  Pellets are the small free-flowing, spherical 

particulates, manufactured by the process of agglomeration of fine powder or granules [2]. The 

different technologies are available to make pellets, also known as micro-granules that are 

spherical in the shape of varying in diameter [3]. Currently, there has been a growing interest 

in the field of pelletization techniques to produce a large number of spherical pellets that can 

be incorporated into several dosages forms like capsules and/or tablets or can be administered 

as such by various routes. Pelletization techniques involve the size enlargement process of the 

core, the final core material agglomerates are spherical and ranging from0.5-2.0 mm in size 

then these are referred to as pellets. Dosage form made using pellets offer several benefits over 

other dosage forms like fast dissolution that results in rapid drug absorption, low gastric 

irritation because of fast dissolution that leads to lower time residence of drug and dose 

dumping, good flowability due to uniform size and shape, narrow particle size distribution, 

high tensile strength, a low surface to volume ratio, low friability and uniform packing 

characteristics of pellets [4]. This technology can be used for the formulation of controlled drug 

delivery [5] and sustained release formulations [6] to be administered via the oral route. 

Microcrystalline cellulose of various grades is the most essential components in the extrusion 

–spheronization process [7], as they possess good water uptake capacity, water holding 

capacity,  cohesiveness and it’s plastic behavior when it can be wetted [8, 9]. Some other 

hydrophilic gel-forming polymers like Pectin [10, 11], Chitosan [12, 13], K-Carrageenan [14],  

Alginate [15, 16], Hydroxypropyl methylcellulose (HPMC) [17] can also incorporated. Some 

water-insoluble polymers like Eudragit RL and Eudragit RS used as an alternative excipient 

for the preparation of pellets [18, 19].  

History of Pellets 

In the year 1949, the scientist’s Smith Kline & French developing the sustained-release pellet 

formulation and started the development of tiny drug pellets of various active constituent that 

could be loaded into the capsule [20]. The pellet formulation, their processing methods, and 

equipment were used faster, cheaper, and more efficient [21]. 
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Application of Pellets [22, 23] 

Increasing dissolution and solubility rate of the poorly soluble drug, Mask the bitter taste of the 

drugs, Pellets can improve compressibility and flow-ability, the Targeted release of active 

medicament in the colon. 

Formation and Growth Mechanism of Pellets                                                

To enhance any pelletization procedure, it is important to comprehend the key instruments of 

the beginning and development of pallets. The nucleation, coalescence, layering, abrasion 

transfer, and size reduction are the main events that can lead to an increase in the size and 

growth of pellets [24]. Powder (API + appropriate polymer) is wetted with a suitable solvent 

system for the nucleation process. The collision between well-formed nuclei moieties forms a 

large size particle known as coalescence. The successive addition of materials on already 

formed nuclei is known as layering. Abrasion transfer is a process of transfer the materials from 

one particle to another particle without any preference in any direction. Well-formed particles 

may undergo size reduction due to the attrition mechanism [24, 25]. 

 

Figure No. 1: Mechanism of growth formation [26]. 

Pelletization Techniques  

Several pelletization techniques are as follows. 

The growth of pellets may depend upon the types of equipment and processes that have been 

selected, various pelletization techniques are as follows. 
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Pelletization techniques 

 

 

 

 

 

 

 

Figure No. 2: Pelletization Technique. 

Agitation 

When an appropriate quantity of liquid is added to finely divided particles that are continuously 

rolling or in tumbling motion, these particles are converted into spherical pellets. The liquid 

may be added before or during the agitation process. In the balling process, the equipments like 

discs, Pans, mixers, or drums can be used to produce pellets [20, 27]. 

Compaction  

The pellets of different sizes and shapes are manufactured using mechanical force. In the 

compaction process, the drug particles are prepared by wet granulation or dry blending process. 

The next step is drying which results in the particles undergo elastic as well as plastic 

deformation. Firstly, the dry powder is mixed with binding liquid to form an agglomerated 

mixture which is placed in the extruder to form high-density extrudates (HDE). The 

spheronizer is used to convert HDE to the pellets of the desired size and shape [28, 29]. 

Drug layering  

It involves the deposition of more than one layer of drug entities from the solution, dry powder, 

suspension, and binder on the core of the same material [30]. The moist core which rotates in 

a rotating disc or pan which picks up dry powder that adheres to each other and the capillary 

energy generated in the liquid phase results in the formation of nuclei. The additional binding 

liquid is sprayed until the desired pellet sizes are obtained. In a suspension or solution layering, 

the drug particle solutions is prepared in binding liquid or are suspended in the binding liquids, 

these are sprinkled on core followed by drying. The spreading capacity of liquids depends on 
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the wettability of the material, droplet dynamics, and droplet wetting characteristics of the 

materials. The scientist Kovacevic et al. carried out a comparison between the solutions 

layering, suspension layering, powder layering for the manufacturing of enteric-coated pellets, 

and mentioned that suspension layering is excellent than other layering techniques for drug 

loading [31, 32]. 

Globalization  

The pellets of different sizes and shapes are generated by an atomized liquid containing drug 

and polymers. The atomized droplets are contacted with a hot gas stream and the evaporation 

of the liquid is initiated during the process of spray drying. The evaporation process involves 

the simultaneous heat and mass transfer. This depends upon several factors like humidity, 

temperature, and transport properties of air which is surrounded by droplets during the spray 

congealing process. Below the melting point of the vehicle, the atomized droplets are chilled. 

A most important requirement in this process is that the substances having a small melting 

point area or sharp melting point [24, 25]. 

Freeze Pelletization 

It is the technique used for the manufacturing of pellets of required size and shape by 

introducing the droplets of immiscible molten solid carrier or matrix containing different types 

of additives like diluents, disintegrates, surfactants and releases modifiers with or without 

active pharmaceutical agent into inert liquid columns. The liquid droplets are initiated using 

nozzles, needles, or atomizer into the inlet of the liquid column, dropped from a certain height 

so that droplets remain intact as they fall into the liquid columns. Freeze pelletization technique 

can be scaled-up by increasing the nozzle numbers up to several hundred which are not only 

based upon the desired rate of production of pellets but also depends upon static or vibrated 

electrically. Depending upon the pellet sizes, different sizes of needles are used. The droplets 

are move either on the top or to the bottom of the column which depends upon their densities 

of every droplet concerning liquid in the column. The two apparatus are designed which are 

based upon the movement of molten solid droplets. In the former freeze pelletizer, the droplets 

are initiated at the top through the inlet and formed droplets are settled at the bottom of the 

column, the settling rate of droplets based upon the matrix droplet density which is more than 

liquid column density. In another, when the carrier droplets densities are less than the liquid in 

the column, these droplets can be solidified at the top or the bottom of the column. The column 
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made up of borosilicate glass with a 24-inch length which is divided into two portions. In the 

first portion with a temperature of 250⁰C to 1000⁰C which is a region where the droplets are 

introduced. Other is the cooling portion at which the liquids droplets are allowed to solidify 

and result in spherical pellets having a temperature in the range of 0⁰c to - 400⁰c maintained 

by using acetonitrile-dry ice or salt-ice as a cooling agent. The carrier which is used during the 

whole process should be solid at Room Temperature and having the melting point below 100°C 

to minimize the degradation of active pharmaceutical constitutes [33, 34].  

Hot Melt Extrusion (HME)  

Different dosage forms like granules, pellets, tablets, and implants, etc are manufactured by 

HME. This technique is widely and most commonly used firstly by BASF Pharmaceuticals. 

The hot-melt extrusion consists of compaction and conversion of powder blend into a product 

of uniform size and shape. The different types of Polymer are melted and these polymers are 

combined with other excipients and active pharmaceutical ingredients through a die or orifice 

that are placed under controlled temperature, pressure, and screw speed, etc to form products 

of different sizes and shapes. The hot-melt extrusion process occurred by following steps. The 

first step is Feeding of the extruder through a hopper, Mixing followed by grinding and 

kneading. The next step is the Flow-through die [35, 36].  

The Hot melt extrusion having the following benefits over a wet mass extrusion process [37]. 

 It is a continuous process that requires fewer processing stages.  It does not involve the addition 

of water or other solvents. The absence of water or other solvents may prevent the degradation 

of many drugs. Various active constitutes having a bitter taste, so it helps to masks it. 

Disadvantages of hot melt extrusion [38].  

It required high energy input during the process, Heat-sensitive materials or active constituents 

can not be used during the process. 

Factors Affecting Pelletization Technique. 

Several factors can affect the quality and characteristics of pellets. 
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Moisture content  

An appropriate amount of moisture (10-15%) is required for spherical pellets. The high amount 

of moisture is present in the dump mass, which can lead to the agglomeration of pellets during 

the spheronization process [39].  A low amount of moisture content is present in dump mass, 

which can lead to the production of fines extrudates with large variation in the size distribution 

of pellets [25]. 

Rheological properties [39] 

The Rheological parameter of the wet mass determines the flowability in the extrusion 

machine. The optimum rheological condition leads to get good flowability of extrudates to 

extrude the wet mass. Variation in rheological condition makes improper and non-uniform 

extrusion, can lead to the non-uniform pallets. 

Composition of Granulating Fluid [39] 

Other than water, alcohol, water/alcohol mixture, ethyl ether, dilute acetic acid or isopropyl 

alcohol is used as a granulating liquid. Lower limits of 5 % of granulation liquid have to be 

water to produce good quality of pellets. 

Physical Properties of Starting Materials [25] 

The physical properties of all starting materials such as composition, types of filler, particle 

size, etc can affect the quality of pellets. The release rate of the drug from the pellets depends 

upon the swelling properties of all starting materials used for the preparation of pellets. 

Characterizations of Pellets 

The following tests are performed on pellets to evaluate their nature. 

Pellet size distribution 

The pellet size is a very important parameter because of various significant influences on the 

release kinetics of a drug from formulation [33]. Pellet size is determined by measuring the 

mean ferret diameter, mean geometric diameter and mean length along with the width of 

pellets. Particle size distribution should be narrow as possible to ensure that the minimum 

variation in different coating thicknesses and to facilitate the blending process. For measuring 
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the particle size distribution, the Sieve analysis using a sieve shaker is the most useful method. 

Another method used for direct determining the particle size distribution is optical microscopy 

and scanning electron microscope (SEM) is another method used to measure the diameter of 

pellets [40, 41]. 

Surface Area and Surface Roughness 

The surface area is measured by using Air Permeametry method was determined firstly by the 

scientist Eriksson et al [42]. To determine the surface roughness, Laser Profilometry method is 

used which has the aperture angles 53⁰, laser spot size 1µm with a measuring area 200×200 

mm and resolution 1000 points/mm in the X-Direction and 500 points/mm in a Y-Direction. 

The scanning speed of laser profilometry is 100 points per sec. The final result obtained is the 

surface roughness mean and standard deviation of five pellets [43].  

Density 

Bulk density and tap density of the pellets are used to determine the uniqueness of particle size 

distribution of the pellets [44].  The pellet density can be affected by changing the process or 

change the formulation and many other factors or processes like the capsule filling, coating as 

well as mixing. Automated tapper is used to measure the bulk density of the pellets. The extent 

of compactness of various substances indicates a true density which can be determined by 

Solvent Displacement Method, Air-Comparison Pycnometer Method, and Helium Pycnometer 

Method [45].  

The bulk density is determined by the following formula.  

𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑀

𝑉
 

Whereas  

‘M ' is the exact numbers of pellets are placed into a measuring cylinder and ' V ' is the volume 

occupied by the pellets without disturbing to measuring cylinder [46].  

Tap density is determined by the following formula. 

𝑇𝑎𝑝 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑀

𝑉0
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Whereas, 

‘M’ is the exact quantities of pallets in measuring cylinder and V0 is the final volume after 

tapping [47].  

Tensile strength 

The quality required to give the strained to the pellet is called elasticity. It very well may be 

controlled by utilizing elastic mechanical assembly with a 5 kg load cell; the pellets are stressed 

until it breaks. The heap is recorded and the elasticity is determined by applying the incentive 

for the disappointment load and the range of the pellets [48].  

Angle of Repose 

The flow properties of powders, granules, and pellets are determined by measuring the angle 

of repose. A fixed funnel method is used to measure the angle of repose. The pellets are poured 

in the funnel until the highest point of the heap just contacts the tip of the pipe of the funnel. 

The following formula is used to determine the angle of repose. 

𝑇𝑎𝑛 θ =
h

r
 

Whereas 

θ is the angle of repose 

h is the height of the cone, 

r is the radius of the cone base [49, 50].  

SEM Analysis  

A thin layer of gold is coated with the sample by Sputter Coater Unit and photographs are taken 

by scanning electron microscopy (SEM) which is operated at a 1000 Volt accelerated voltage 

[51].  

Accelerated stability studies 

Stability testing is a very important part of information development. It provides evidence that 

the quality of formulation varies with time under certain influences [52]. The different batches 
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of the formulation are stored at different temperatures at 25̊c /60% Room Humidity, at 

30°C/65% RH and at 40°C/75% RH for several months as per guidelines given by ICH. During 

the accelerated stability studies, various physicochemical aspects like appearance, percentage 

drug content, and release profile, etc are continuously monitored for 3 months or as per ICH 

guidelines [53].  

Current Product Portfolio [4, 54, 55, 56, 57]  

Pellets (drugs containing) used for Production of capsule and Tablet Dosage Forms. 

Table No. 1: Delayed-release/ enteric coated pellets 

1 Pantoprazole 

2 Duloxetine Hydrochloride 

3 Dexlansoprazole 

4 Rabeprazole 

5 Aspirin 

6 Tamsulosin Hydrochloride 

7 Doxycycline Hyclate 

8 Omeprazole 

9 Lansoprazole 

10 Esomeprazole Magnesium 

11 Diclofenac Sodium 

12. Propranolol 

Table No. 2: Controlled Release Extended-Release/Time Release/Sustained Release 

Pellets 

1 Venlafaxine HCl 

2 Diclofenac Sodium 

3 Diclofenac Potassium 
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Table No. 3: Taste Masked Micro Pellets 

1  Ciprofloxacin Hydrochloride 

2 Azithromycin 

3 Clarithromycin 

Table No. 4: Immediate Release Coated Pellets 

1 Itraconazole 

2 Flurbiprofen 

3 Folic Acid 

4 Domperidone 

Table No. 5: Oral Cephalosporin’s (API) 

1 Cefuroxime Axetil 

2 Cefadroxil 

3 Cephalexin 

4 Cefdinir 

5 Cefixime 

6 Cefpodoxime 

7 Cefaclor 

8 Cephradin 

CONCLUSION: 

Pelletization techniques enhance its scope in the pharmaceutical industries like tablets, 

capsules, etc. for the manufacturing of controlled, immediate as well as the sustained release 

formulation for better bioavailability of active constituent. The extrusion- spheronization 

technique is widely used in pharmaceutical Industries because of its fast working with its 

economic, simple designing and high efficacy of production of pellets of different sizes and 

shapes. Various characteristic tests mentioned here to evaluate its nature. 
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