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INTRODUCTION 

 
In granulation process, fine particles or coarse particles are converted into large agglomerates called granules. Hence, the 

granulation can be defined as ‘‘a process whereby small powder particles are gathered to form larger, multiparticulate 

entities. Granulation, is a significant unit operations in the production of pharmaceutical finished products, mostly tablets 

[1-10] and capsules. The objective of granulation process is to combine ingredients to give a quality product. The principle 

behind granulation is size enlargement process that converts small particles into physically stronger & larger agglomerates.  

Reasons for granulation 

1. increase the content uniformity of drug distribution in the product 

2. increases density of the material 

3. enhance the flow property and compression characteristics.  

4. reduces dust and environmental contamination 
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 ABSTRACT 

 

 

Granulation, is a significant unit operations in the production of 

pharmaceutical finished products, mostly tablets and capsules. Generally, 

granulation process can be done either through Wet granulation or by Dry 

granulation. Many of the product formulators considers wet granulation as 

a universally applicable method for tablet production. The final blend of a 

compression mix generally requires a good flow, good compactability, 

uniform distribution of drug and controllable drug release which can be 

obtained with wet granulation without relying on the intrinsic properties of 

the drug or the excipients.  In high shear granulators, all the process of dry 

-mixing and granulation can be done in a few minutes and the if required 

the systems can be connected with a variety of devices to detect the end 

point of granulation. This article deals with the basics of the wet granulation 

technique mostly by using high shear granulators 
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5. improves the product appearance 

6. Lower compression pressure, less wear and tear on tooling 

7. Lower pressure weight, less wear and tear on tooling 

Choice of methods for granulation 

Granulation is a key processing step in the production of many solid dosage forms [11-13]. Generally, granulation process 

can be done either through Wet granulation or by Dry granulation. These two granulation techniques have their own 

advantages and disadvantages. 

Wet granulation 

Wet granulation process involves the mixing of dry powder blend with granulating fluid. The fluid used for granulation 

process [14-30] must be volatile so that it can be removed after drying and it should be nontoxic in nature.  Liquids used 

for granulation process include water, isopropanol, and ethanol. These liquids can be added alone or in combination. The 

granulation liquid may be used alone or, it may contain a dissolved adhesive (binders) which is used to ensure particle 

adhesion once the granule is dry. Binder plays an important role in tablet formulation as they help in linking particles to one 

another. It is utilized for converting powder into granules. Additions of binders can be either as a dry powder form or it can 

be added to granulating fluid i.e. either as solids or as liquid solution 

Dry granulation   

 In dry granulation, [31-38] the particle size is enhanced by subjecting the powder particles under high pressure. The two 

types of dry granulation are 1) large tablet (known as slug) is produced in a heavy-duty tableting press (slugging) or the 

powder is forced between two counter rotating rolls to deliver a ribbon like materials (roller compactor, usually referred to 

as an chilsonator). In both the cases the slugs or compacts are size reduced using a suitable milling technique to produce 

granules, which is usually sieved to yield the required size fraction.  The fines material obtained can be reworked to avoid 

wastage. Dry granulation is an attractive process for API’s that are moisture sensitive or temperature sensitive and it can 

be applied in continuous granulation processes. There has been not much progress in the dry granulation technique in 

comparison to wet granulation, except for one important innovation known as pneumatic dry granulation technology, an 

innovative dry granulation technology, which produce granules with good flowability and compressibility. When the 

materials/ blend is dry granulated, processing time is reduced. equipment requirements are streamlined, there-fore, the 

cost of the final product gets reduced. The major disadvantage with dry granulation is higher percentage of fines or non-

compacted products, that may lead to compromised tablet quality. 

Purpose of wet granulation 

Many of the product formulators considers wet granulation as a universally applicable method for tablet production. The 

final blend of a compression mix generally requires a good flow, good compactability, uniform distribution of drug [39-48] 

and controllable drug release which can be obtained with wet granulation without relying on the intrinsic properties of the 

drug or the excipients. For high dose drugs, which has poor flow and poor compressibility of the active mean can be 

manufactured by wet granulation and for low dose (high dilution) drugs the current preferred drug product processing 

method is wet granulation process in which the drug particles get locked into the granules and thus reduces the segregation 

intensity and poor content uniformity.  
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Lesser amount of liquid binders required compared to Fluid bed granulator 

There are therefore a number of advantages with wet granulation, but there also a number of disadvantages. Granulation 

Fluid used in the processes can bring many unnecessary changes in drugs or in excipients; It is an expensive process due 

to time consuming, equipment, energy, labour and space requirement. Material loss during different stages of processing. 

In case of moisture sensitive drugs stability can become a major concern. Increase in temperature can lead to chemical 

degradation of thermolabile materials. Over wetting can cause formation of granules with large size. As the processing 

steps are many in wet granulation, it increases the number of quality critical factors that need to studied and controlled in 

a QbD development programme. 

Types of Wet granulation 

 Wet Granulation can be a low or a high shear process, including fluid bed granulation. Traditionally, Wet Granulation is a 

batch process that is controlled based on process parameters. Each process has its own strengths and weakness which 

may be useful for different formulations [49-58], but in practice a formulator may not have the decision of which process 

to use for a product, the selection being determined by equipment availability and company’s choice based on their 

experience. 

 Low Shear Granulation 

This granulation technique employs low speed planetary or trough mixers in which the active pharmaceutical ingredient 

and intra granular excipients are granulated with a binder solution [59-70], the resulting wet mass is screened to form 

discrete granules and are dried in tray drier. The dried granules are rescreened or milled to the desired size, mixed with 

extra granular excipients then blended, lubricated, and compressed. The main disadvantages of this process are the 

openness of the equipment and the manual transfer of the materials, the long drying times, potential for migration of 

soluble components in tray drying (2) and the general lack of instrumentation for in-process control. 

High shear granulation 

A high shear granulator consists of a cylindrical mixing bowl, a three bladded impeller, a chopper, an auxillary chopper, a 

motor to drive the blades and a discharge pot. The steps involved in high shear granulator 

1)Dry mixing of the powder blend 

2)Addition of binder solution or granulating fluid 

3)Wetting of the powder and nucleation process 

4)Granules growth and Powder densification 

5)Breaking down the large lumps formed 

The impeller which is used for mixing powder blend generally rotates at a speed ranging from 100 – 500 rpm and exerts 

high shear and compaction forces on the blend. The high-speed chopper rotates at 1000 – 3000 rpm which breaks the 

wet mass as the granulation process continues. Thus the combination of impeller and chopper blades (figure 10) gives 

effective mixing of components and minimizes the amount of water to be added compared to low shear granulation [70-

76]. 
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Figure 1: High shear granulator mixing bowl with impeller and chopper blades. 

 

 

 

The major advantages of these high shear mixers are the decreased time process and the production of very dense granules 

with low All the process of dry -mixing and granulation can be done in a few minutes and the if required the systems can be 

connected with a variety of devices to detect the end point of granulation. 

 The advantages of high shear granulators are 1) Applicable to almost all kind of formulations.2) Granulation process 

requires less binder. 3)Within short span granulation can be achieved. 4) The effect of over granulation can be reduced to 

some extent by milling the dried granules. 5) A better granulation can be a light granulation but with good flow.  

 The disadvantages of high shear granulators. 1) Over wetting of granules can lead to formation of large lumps. 2) 

Degradation of thermolabile materials may be possible due to increase in temperature. 3) As the water gets intimately 

mixed with the formulation components, changes in the drug and excipients can occur. 4) It has narrow range of operating 

conditions. 

End point Determination  

The important control in granulation process is to achieve the required granulation consistency by determining the 

granulation end point which is achieved by monitoring the power consumption of the impeller motor, even many other 

methods have been investigated. Endpoint can be defined as a target particle size mean or distribution. 

Traditional Methods for detecting the end point 

a) Power Consumption - Power consumption of the mixer motor for end-point determination and scale-up is widely used 

because the measurement is economical, does not require extensive mixer modifications and is well correlated with granule 

growth  

b) Impeller Torque -  Requires installation of strain gauges on the impeller shaft or on the coupling between the motor and 

impeller shaft. Since the shaft is rotating, a device called a slip ring is used to transmit the signal to the stationary data 

acquisition system. 

c) Torque Rheometer - A torque rheometer provides an off-line measurement of torque required to rotate the blades of the 

device and can be used to assess rheological properties of the granulation. The torque values obtained have been termed 

a “measure of wet mass consistency”. 
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d) Reaction Torque - As the impeller shaft rotates, the motor tries to rotate in the opposite direction, but does not because 

it is bolted in place. The tensions in the stationary motor base can be measured by a reaction torque transducer. 

Optimisation in Wet Granulation 

Many variables in wet granulation method affects the physical properties of the granules and tablets.  

Apparatus variables 

Apparatus variables such as the size and shape of the bowl, impeller and chopper are dependent on the type of mixer used. 

The effects of the impeller model in high-speed mixers can be described in terms of volume swept out by the impeller. A 

high swept volume causes increased densification of the agglomerate and narrow granule size distribution.  The size of the 

Chopper and rotation speed had no effect upon the granule size distribution. 

Process variables 

Granulation in a high shear granulator is mainly controlled by the mechanical forces on the moist powder mass by the 

mixing tools. The major variables effecting the granules properties are the impeller speed and wet massing time. The 

combined effect of these two variables can be understood in terms of liquid saturation.  

Impeller Speed - High Impeller speed generally results in more dense and small granules. Low impeller speed generally 

results in more porous and large granules. 

Chopper Speed - Chopper speed has no significant effect on granule size and density but if the chopper is large, it may act 

as a secondary impeller. 

Water Addition Rate and Method - Water Addition Rate is critical to granule quality. The water addition rate is chosen that 

the over wetting of powder mass is not a concern and the same time it is fast enough to accommodate processing times. 

Massing Time – kneading of the wet mass can be done normally for 1 to 10 minutes. Long massing times may lead to 

decreased dissolution rates which is due to decreased disintegrant functionality or formation of dense granules. 

Fluidised Bed Granulation 

Granulation is a size enlargement procedure that a fine powder integrates into larger granules with a specific size and 

shape. Fluid bed granulation is a process by which granules are produced in single equipment by spraying a binder solution 

onto a fluidized powder bed. In this process drug and excipients are loaded into a fluid bed processor, fluidised with air, 

and the granulating fluid is sprayed into the bed, usually from above, with a continuous stream of warm drying air. This is a 

three-stage process of 1) Blending, in which the drug and excipients are dry mixed with low volume of fluidising air to achieve 

blend homogeneity and to warm the dry powders. 2) Granulation, in which binder solution is sprayed onto the fluidised bed 

[77-81]. Growth of granule during this phase depends on a number of factors such as granulating fluid viscosity and droplet 

size and spray rate. 3) Drying, in which the spraying is stopped and the powder bed is gently fluidised until the granules 

dries. With the bed temperature, we can determine the end point. 

Advantages of fluidised bed granulation 

It is a contained process, that a single piece of equipment may be used for granulation and drying, thus representing a cost 

effective over high shear granulation. Fluid bed granulation improves the manufacturing process, because it produces 

uniform particles with specified particle size, loss of drying (LOD), and other required variables. The process is cost effective 
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since the equipment combines both granulation and drying, and thus reducing the space required for a product. It reduces 

material loss. It reduces dust formation during the entire processing. 

Disadvantages of fluidized bed granulation 

 Fluid Bed cleaning is labor-intensive and time consuming.  Difficulty of assuring reproducibility. In certain cases, premix 

has to be prepared as certain materials are incapable of being mixed by fluidization before granulation. 

CONCLUSION 

In many pharmaceutical industries, the high shear granulators are used for blending and Granulation. The use of wet 

granulation technique, has been going on traditionally since many years it has been universally applicable method for tablet 

production. 

REFERENCES 

1. Verma RK. In Vivo evaluation of the antidepressant activity of a novel polyherbal formulation. Autism Open 

Access. 2016;6:1-8. 

2. Ibrahim F, et al. Selective methods for Cilostazol assay in presence of its oxidative degradation product and co 

formulated Telmisartan application to tablet formulation. J Chromatogr Sep Tech. 2016;7:2-11. 

3. Jahan D, et al. Anti-haemorrhagic activity of polyherbal formulation in menorrhagia: A Randomized Controlled 

Trial. Altern Integr Med. 2016;5:219. 

4. Chalamaiah M and Sharma PK. Pre-Formulation and formulation approaches for buccal films. J Bioequiv 

Availab. 2016;8:246-248. 

5. Freye E and Strobel HP.Changes within the electroencephalogram and increase in mental concentration are 

related to differences in solubulisation and composition of different q10-formulations. Nat Prod Chem Res. 

2016;4:2-5.  

6. Rahman H, et al. Aloe vera mucilage as solubility enhancer in tablet formulation. J Nutr Food Sci. 2016;6:2-4. 

7. Vargas M and Villarraga EA. Bioequivalence study of two formulations containing Lurasidone 80 mg tablets in 

healthy colombian volunteers. J Bioequiv Availab. 2016;8:220-223. 

8. Jawhari D. Pharmacokinetic comparison and bioequivalence of a new generic formulation of Lenalidomide 25 

mg capsules versus revlimid in healthy volunteers under fasting conditions. J Bioequiv Availab. 2016;8:214-

219. 

9. Tosti C. A new oral formulation based on D-Chiro-inositol/monacolin K/bergamot extract/methylfolate and 

vitamin K2 in prevention and treatment of metabolic syndrome in perimenopausal women with a BMI>25 

Kg/m2. J Metabolic Synd. 2016;5:2-6. 

10. Dudhipala N. A Review of Novel Formulation Strategies to Enhance Oral Delivery of Zaleplon. J Bioequiv Availab. 

2016;8:211-213. 

11. Ibrahim F. Selective methods for Cilostazol assay in presence of its oxidative degradation product and co 

formulated Telmisartan application to tablet formulation. J Chromatogr Sep Tech. 2016;7:335. 

12. Bustami R, et al. Bioequivalence of a Fixed Dose Combination of  Desloratadine /Betamethasone Tablets 

(Oradus Beta) in Healthy Human Volunteers. J Bioequiv Availab. 2016;8:233-241.  



 
  
 

RRJPPS| Volume 5 | Issue 4 | December, 2016                                                                                                                      49 
 

 E-ISSN: 2320-1215 

P-ISSN: 2322-0112 
 

13. Vargas M and Villarraga EA. Bioequivalence Study of Two Formulations Containing Lurasidone 80 mg Tablets 

in Healthy Colombian Volunteers. J Bioequiv Availab. 2016; 8:220-223. 

14. Abass SAE, et al. Development and validation of spectrophotometric and pre-column derivatization HPLC 

method for determination of Famotidine in pharmaceuticals by reaction with sodium nitroprusside; application 

to combined tablets. Pharm Anal Acta 2016;7: 2-7. 

15. Naveed S, et al. UV spectrophotometric method for estimation of Ofloxacin in tablet dosage form and 

comparative study of its two brands. J Bioequiv Availab. 2016;8:125-127. 

16. Abbas AT. Matrix Tablets from Algerian Lyophilized Berries (LB) (Arbutus unedo L.) Date (Phoenix dactylifera 

L.). Nat Prod Chem Res. 2016;4:2-7. 

17. Devineni D, et al. Bioequivalence of Canagliflozin/Metformin immediate release fixed-dose combination 

tablets compared with concomitant administration of single components of canagliflozin and metformin in 

healthy fed participants. J Bioequiv Availab. 2014;6:164-173. 

18. Yoshizumi Y, et al. Dynamics of Swallowing Tablets during the Recovery Period following Surgery for Tongue 

Cancer. Otolaryngology. 2016;6:218. 

19. Moriyama K, et al. Visualization of Primary Particles in a Tablet Based on Raman Crystal Orientation Mapping. 

Pharm Anal Acta. 2015;6:453. 

20. Satarupa Gogoi. Topical Dosage Forms of different Drugs by FDA: A Bioequivalence Study. Research & Reviews: 

Journal of Pharmacology and Toxicological Studies. 2016; 

21. Shabana MD, Pharmacokinetics of Drugs in the Gastro Intestinal Tract (GIT). Research & Reviews: Journal of 

Pharmacology and Toxicological Studies. 

22. Heidari A. A Gastrointestinal Study on Linear and Non-Linear Quantitative Structure (Chromatographic) 

Retention Relationships (QSRR) Models for Analysis 5-Aminosalicylates Nano Particles as Digestive System 

Nano Drugs under Synchrotron Radiations. J Gastrointest Dig Syst 2016;e119. 

23. Landefeld K. Hypertensive Crisis: The Causative Effects of Nonsteroidal Anti-Inflammatory Drugs. J Clin Case 

Rep. 2016;6:838. 

24. Heidari A. A Pharmacovigilance Study on Linear and Non–Linear Quantitative Structure (Chromatographic) 

Retention Relationships (QSRR) Models for the Prediction of Retention Time of Anti–Cancer Nano Drugs under 

Synchrotron Radiations. J Pharmacovigil. 2016; 4:e161. 

25. Zhao XY, et al. Redeveloping Drugs Based on Existing Patents. Primary Health Care. 2016;6:233. 

26. Seeman MV. Exercise and Antipsychotic Drugs. J Pat Care 2016;2:114. 

27. Dasari H,  et al. Concomitant Use of Neuroprotective Drugs in Neuro Rehabilitation of Multiple Sclerosis . Int J 

Phys Med Rehabil. 2016;4:348. 

28. Djadji ATL, et al. Role of Clinical Pharmacist to Reduce Risk in Patients Involving Antiretroviral Drugs at Abidjan 

Cohort. J Pharma Care Health Sys. 2016.3:165. 

29. Lu DY, et al. Discover Natural Chemical Drugs in Modern Medicines. Metabolomics (Los Angel) 2016;6:181. 

30. Ravetti S, et al. Challenges in protein formulation focused on extrusion-spheronization process. IJPRR. 

2016;5:29-38. 

31. Prabakaran B, et al. Formulation development and evaluation of gastro retentive bilayer floating tablets of 

simvastatin and telmisartan. IJPRR. 2016;Jan 5:9-18. 

32. Pandey P and  Dahiya M. Oral disintegrating tablets: A Review. IJPRR. 2016; 5:50-62. 



 
  
 

RRJPPS| Volume 5 | Issue 4 | December, 2016                                                                                                                      50 
 

 E-ISSN: 2320-1215 

P-ISSN: 2322-0112 
 

33. D Jaison, et al. Design, development and evaluation of trilayer swelling gastro retentive tablets of Lornoxicam 

for biphasic release and Lansoprazole for immediate release for the treatment of arthritis IJPRR.  2015;4:11-

21. 

34. Arvnabh Mishra, et al. Preparation and evaluation of sustained release tablets of cefixime trihydrate using 

natural excipients. IJPRR.2015;  4:1-6. 

35. Somashekar C.N, et al. Formulation development and evaluation of bi-layered tablet containing diuretic and 

anti-hypertensive agent. IJPRR. 2014;3:32-42. 

36. Virendra Singh, et al. Formulation and  development of sustained release matrix tablet of Ranolazine. IJPRR. 

2014;3:22-32. 

37. Erande K and Joshi B. Mouth dissolving tablets – A comprehensive review. IJPRR. 2013;  2:25-41. 

38. Tapaswi Rani Dash and Pankaj Verma. Matrix Tablets:An approach towards oral extendedrelease drug delivery. 

IJPRR. 2013;2:12-24. 

39. Lakshmi P, et al. Influence of diluents on Diclofenac sodium release from gum kondagogu based matrix tablets. 

IJPRR 2012;1:12-20. 

40. Richa S and Devdutt. Formulation, characterization and evaluation of gastro-retentive floating tablets of 

Norfloxacin. RROIJ. 2015;4;33-38. 

41. Murari P, et al, Formulation and Evaluation of Dicloxacillin Sodium Floating Tablets. RROIJ.2014;3;7-15. 

42. Dhumal S, et al. A Review: Roller compaction for tablet dosage form development. RROIJ. 2013;2;68-73. 

43. Gunturu A, et al. Comparative study on the efficiency of various binder combinations for Metformin tablets, 

RRJPPS. 2013;2:20-24. 

44. Prasanna and Datar A. Preparation and evaluation of combination tablet containing Paracetamol and ginger 

powder and its extract. RRJPN. 2013;1: 7-11. 

45. Chetan G, et al. Optimization and evaluation of floating drug delivery system for Metronidazole. RRJPNT.  2014 

;2:17-22. 

46. OxBasani G,et al. Effect of tablet formulation variables on Tramadol HCl elementary osmotic pump tablet. Int. 

J. Drug Dev. & Res. 2010;2:730-735. 

47. Mohammed A, et al. Formulation and evaluation of effervescent floating matrix tablets of Ofloxacin. Int. J. Drug 

Dev. & Res., 2014;6: 188-198. 

48. Koteswara RK and Rama Prasad A.  A Factorial study on the formulation and evaluation of Pioglitazone 

controlled release Matrix Tablets. Int. J. Drug Dev. & Res 2013;5:432-438. 

49. Mohammed. S, et al. Natural  polymers used in fast disintegrating tablets: A Review. Int. J. Drug Dev. & Res. 

2012;4:18-27. 

50. Mohammed. S,et al. Formulation and In-Vitro evaluation of bilayer floating tablets of Tramadol Hydrochloride 

Int. J. Drug Dev. & Res. 2012;4:335-347.  

51. Pallavi Y, et al. Formulation, Development and Evaluation of delayed release capsules of Duloxetine 

Hydrochloride made of different Enteric Polymers.  Int. J. Drug Dev. & Res. 2012;4:117-129.  

52. Sharma A, et al. Design, development and evaluation of Aceclofenac sustained release matrix Tablets, Int. J. 

Drug Dev. & Res. 2011;3:307-313.  

53. Kammela K C, et al. Formulation and Evaluation of Enteric Coated Pellets of Omeprazole Int. J. Drug Dev. & 

Res.,2012;4: 257-264. 



 
  
 

RRJPPS| Volume 5 | Issue 4 | December, 2016                                                                                                                      51 
 

 E-ISSN: 2320-1215 

P-ISSN: 2322-0112 
 

54. Rishabha M , et al. Formulation and optimization of sustained release matrix tablets of diclofenac sodium 

using pectin as release modifier. Int. J. Drug Dev. & Res.,2010;2:330-335. 

55. Ranga samy M, et al.  Formulation development and evaluation of Naproxen Sodium Tablets USP. 2010;2:47-

53. 

56. Rathore G S, et al. Validation of fluidized bed processor (mini glatt). Int J Drug Dev & Res. 2010;2:453-458. 

57. Tarak JM, et al. Patel optimization of granulation and compression process variables of Atenolol Tablets using 

ox-Behnken Design, Int. J. Drug Dev. & Res. 2011;3(1): 366-374.    

58. Formulation design of taste masked pellets of Atomoxetine HCl for oral disintegrating dosage forms. 

Pharmaceutica-2013 3rd International Conference and Exhibition on Pharmaceutics & Novel Drug Delivery 

Systems.  Hilton Chicago/Northbrook, USA.  

59. Theresia Kuntz, Martin A. Schubert, Peter Kleinebudde. Increased compactibility of acetames after roll 

compaction European J Pharm Biopharm. 2011;77:164–169. 

60. Peter Kleinebudde. Roll compaction/dry granulation: pharmaceutical applications. European J Pharm 

Biopharm. 2004;58:317–326. 

61. John C, et al. Understanding variation in roller compaction through finite element-based process modelling. 

Comp Chem Eng. 2010;34:1058–1071. 

62. Leon Lachman and Lieberman HA. The Theory and Practice of Industrial Pharmacy, CBS publishers and 

distributors, 2009, Page No. 66. 

63. Bindhumadhavan G, et al. Roll Compaction of a Pharmaceutical Excipients: Experimental Validation of Rolling 

Theory for Granular Solids. Chem Eng Sci. 2005;60(14): 3891-3897. 

64. Johanson JR. A Rolling Theory for Granular Solids. ASME. J App Mech. 1965;32(4):842-848. 

65. Kristensen H, et al. Granulations, Encyclopedia of Pharmaceutical technology, Marcel Dekker, 1992;7:60-121. 

66. Operation and instruction manual of roller compactor, Kevin process technologies Pvt. Ltd. 12-19. 

67. Jain NK. Controlled and Novel Drug Delivery. 1st ed. New Delhi. CBS Publishers and Distributors, 1-2;1997. 

68. Vyas SP, Khar RK. Text Book of Controlled Drug Delivery. 1st ed. New Delhi: VallabhPrakashan, 54-56; 2002. 

69. Robinson JR, Lee VHL. Controlled Drug Delivery: Fundamentals and Applications. 2nd ed. New York: Marcel 

Dekker, p.7; 1978. Block LC Scheming, LO Couto. Pharmaceutical equivalence of metformin tablets with 

various binders. Rev Cienc Farm BasicaApl. 2008;29:29-35. 

70. Musa H, et al. Production of pre-gelatinized maize starch compared with maize starch as ingredient in 

pharmaceutical solid dose forms. Nig Pharm Res. 2004;3 (1):66-71. 

71. Rajesh Agrawal and Yadav Naveen. Pharmaceutical Processing -A Review on Wet Granulation Technology; 

IJPFR. 2011;1(1):65-83. 

72. Aggarwal S, et al. Bi-layer tablet technology—opening new ways in drug delivery systems: an overview. 

International Journal of Research in Pharmaceutical and Biomedical Sciences. 2013;4:2229-3701. 

73. Dash TR, Verma P. Matrix tablets: an approach towards oral extended release drug delivery. International 

Journal of Pharmaceutical Sciences Review. 2013;2:12–24. 


