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______________________________________________________________________________________ 
Abstract—Process validation is a critical component of pharmaceutical manufacturing that ensures 
consistent production of high-quality products. In solid dosage forms such as tablets and capsules, 
validation helps maintain uniformity, safety, efficacy, and stability of the product. It provides 
documented evidence that manufacturing processes perform effectively and reproducibly within 
predetermined specifications. 
The present thesis focuses on process validation in solid dosage forms and explains various stages 
involved in validation such as process design, qualification, and continued process verification. It also 
includes different types of validation, equipment qualification, critical process parameters, critical 
quality attributes, and regulatory requirements. 
This thesis highlights validation procedures used in tablet manufacturing including mixing, 
granulation, drying, compression, coating, and packaging. Proper validation minimizes batch failures, 
improves process control, reduces production cost, and ensures compliance with Good Manufacturing 
Practices (GMP). 
_____________________________________________________________________________________ 

I.​ Introduction 

The pharmaceutical industry plays a vital role in safeguarding human health by producing safe, 

effective, and high-quality medicines. Since these products are directly linked to patient safety, maintaining 

uniform product quality throughout manufacturing is essential. Therefore, process validation has become a 

key component of pharmaceutical production and quality assurance systems. 

Process validation is a documented scientific approach that provides evidence that a manufacturing process 

consistently produces products meeting predefined quality standards. It focuses on controlling the entire 

production process rather than only final product testing. This approach was introduced to minimize 

variability and ensure that each batch meets the required standards of quality, safety, purity, and efficacy. 

Figure 1 – Flow Chart of Process Validation 

FLOW CHART OF PROCESS VALIDATION 

Raw Material Selection 

↓ 

Process Design 

↓ 

Equipment Qualification 
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↓ 

Manufacturing Process 

↓ 

Sampling and Testing 

↓ 

Data Analysis 

↓ 

Validation Report 

↓ 

Routine Production 

SOLID DOSAGE FORMS 

Solid dosage forms are pharmaceutical preparations containing active ingredients in solid state. 

Types: 

1.​ Tablets  

2.​ Capsules  

3.​ Powders  

4.​ Granules  

Advantages: 

1.​ Easy to administer  

2.​ Accurate dose  

3.​ Better stability  

4.​ Easy transportation  

5.​ Economical manufacturing  

CRITICAL QUALITY ATTRIBUTES (CQA) 

Critical quality attributes are properties that determine final product quality. 

Table 1– Critical Quality Attributes (CQA) 
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CQA Importance 

Hardness Tablet strength 

Friability Resistance to breakage 

Dissolution Drug release 

Assay Drug content 

Weight Variation Dose accuracy 

EQUIPMENT QUALIFICATION 

Types of Qualification 

Table 2 – Types of Equipment Qualification 

Qualification Meaning 

DQ Design Qualification 

IQ Installation Qualification 

OQ Operational Qualification 

PQ Performance Qualification 

ADVANTAGES OF PROCESS VALIDATION 

1.​ Improves product quality  

2.​ Reduces process variability  

3.​ Minimizes batch rejection  

DISADVANTAGES OF PROCESS VALIDATION 

1.​ Time consuming 

II.​ LITERATURE REVIEW 

Literature review provides essential information about previous studies related to process validation, 

manufacturing techniques, and quality assurance systems in pharmaceutical solid dosage forms. It helps in 

understanding the importance of maintaining product quality, safety, and consistency through validated 

manufacturing processes. 
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Lachman L. and Lieberman H.A. explained that process validation ensures consistent product quality in 

pharmaceutical manufacturing by reducing batch-to-batch variation and minimizing production defects. 

Nash R.A. emphasized that validation improves process reliability and reproducibility, along with the 

importance of proper documentation and equipment qualification in industrial pharmacy. 

Parikh D.M. studied the role of granulation parameters in tablet manufacturing and reported that factors 

such as mixing time, binder concentration, and moisture content significantly affect tablet hardness and 

dissolution behavior. Banker G.S. and Rhodes C.T. explained that compression force directly influences 

tablet properties, and improper compression may lead to defects such as capping and lamination. 

Aulton M.E. highlighted that process variables play a major role in determining product quality and 

therapeutic performance, and proper validation helps in achieving consistent manufacturing outcomes. 

WHO guidelines recommend that pharmaceutical processes must be scientifically validated and documented 

to ensure product safety, quality, and effectiveness. 

USFDA guidelines describe process validation as a lifecycle approach involving process design, 

qualification, and continued verification, ensuring consistent product performance throughout 

manufacturing. ICH guidelines (Q8, Q9, Q10) focus on Quality by Design and risk management principles, 

emphasizing that quality should be built into the product during development rather than relying only on 

final testing. 

Martin A. studied powder technology and reported that particle size, flow properties, and moisture content 

significantly affect granulation and compression processes. Allen L.V. explained that formulation and 

process variables such as coating and compression conditions influence drug release and therapeutic 

effectiveness. 

GMP guidelines emphasize cleanliness, documentation, equipment calibration, and process control to ensure 

consistent product quality and patient safety. Various pharmaceutical industry studies have also shown that 

process validation improves manufacturing efficiency, reduces rejection rates, and ensures regulatory 

compliance. 

Overall, literature clearly indicates that process validation is a critical requirement in pharmaceutical 

manufacturing, as it ensures process consistency, improves product quality, reduces variability, and 

guarantees patient safety. 

III.​ AIM & OBJECTIVES 

AIM 
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To study process validation in solid dosage forms for ensuring quality, safety, and consistency in 

pharmaceutical manufacturing. 

OBJECTIVES  

1.​ To ensure consistent product quality across all manufactured batches.  

2.​ To maintain safety and therapeutic efficacy of pharmaceutical products.  

3.​ To minimize variability in manufacturing processes and product attributes.  

4.​ To reduce batch failure, rejection, and manufacturing losses.  

5.​ To achieve compliance with regulatory authorities and guidelines. 

IV.​ PLAN OF WORK 
Selection of Topic 

↓ 

Literature Review 

↓ 

Collection of Validation Data 

↓ 

Study of Solid Dosage Forms 

↓ 

Study of Process Validation Types 

↓ 

Identification of CPP & CQA 

↓ 

Equipment Qualification Study 

↓ 

Validation Protocol & Documentation 

↓ 

Industrial Case Studies 

↓ 

Data Analysis and Interpretation 

Figure 2- Plan of Work Flow Chart 
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V.​ MATERIALS AND METHODS 

MATERIALS 

Materials and methods are important components of pharmaceutical manufacturing and process validation 

studies. Proper selection of raw materials, excipients, manufacturing methods, and equipment is essential for 

producing high-quality solid dosage forms such as tablets. 

MATERIALS USED 

 Table 3– Materials Used in Cetirizine Tablets 

Sr. 

No. 

Material Category Function 

1 Cetirizine Hydrochloride Active Pharmaceutical 

Ingredient 

Antihistamine drug 

2 Microcrystalline 

Cellulose 

Diluent Improves 

compressibility 

3 Lactose Diluent Increases tablet bulk 

4 Starch Disintegrate  Helps tablet 

disintegration 

5 Povidone K-30 Binder Granule formation 

6 Magnesium Stearate Lubricant Reduces friction 

7 Talc Glidant Improves powder flow 

8 Purified Water Granulating Agent Wet granulation 

 

 

FORMULATION TABLE OF CETIRIZINE TABLETS 

Table 4 – Formulation Table of Cetirizine Tablets 

Ingredients Quantity per Tablet (mg) Category 

Cetirizine Hydrochloride 10 mg Active Ingredient 

Microcrystalline Cellulose 60 mg Diluent 

Lactose 70 mg Diluent 

 
120583           International Innovations & Scholarly Trends Journal (IISTJ) | www.iistj.org 499 

 

 



Volume 2, Issue 5, May 2026 ​ ​ https://doi.org/10.5281/zenodo.20373318 ​ ​ ​ ISSN : 3139-1478 

Starch 30 mg Disintegrate 

Povidone K-30 15 mg Binder 

Magnesium Stearate 3 mg Lubricant 

Talc 2 mg Glidant 

Total Weight 190 mg NA 

 EQUIPMENT USED 

Table 5 – Equipment Used in Manufacturing 

Sr. No. Equipment Purpose 

1 Electronic Weighing Balance Accurate weighing 

2 Sieve Shaker Particle size separation 

3 Rapid Mixer Granulator Granulation 

4 Tray Dryer Drying 

5 Multi Mill Granule sizing 

6 Double Cone Blender Mixing 

7 Tablet Compression Machine Tablet compression 

8 Hardness Tester Hardness testing 

9 Friabilator Friability testing 

10 Dissolution Apparatus Dissolution study 

 METHOD OF PREPARATION 

Cetirizine tablets were prepared by the wet granulation method. 

 STEPWISE MANUFACTURING PROCEDURE 

1. Dispensing 

All ingredients were weighed accurately according to formulation requirements. 

2. Sifting 

Drug and excipients were passed through suitable sieve to remove lumps and obtain uniform particle size. 

3. Dry Mixing 

Cetirizine Hydrochloride, lactose, starch, and microcrystalline cellulose were mixed uniformly. 
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4. Wet Granulation 

Binder solution containing Povidone K-30 was added slowly to prepare wet mass. 

5. Drying 

Prepared wet granules were dried in tray dryer at controlled temperature until optimum moisture content 

was achieved. 

6. Sizing 

Dried granules were passed through sieve to obtain uniform granule size. 

7. Lubrication 

Magnesium stearate and talc were added and mixed with dried granules. 

8. Compression 

Lubricated granules were compressed into tablets using tablet compression machine. 

Figure 3-Cetirizine Tablet Manufacturing Flow Chart 

FLOW CHART OF CETIRIZINE TABLET MANUFACTURING 

Dispensing 

↓ 

Sifting 

↓ 

Dry Mixing 

↓ 

Wet Granulation 

↓ 

Drying 

↓ 

Sizing 

↓ 

Lubrication 

↓ 
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Compression 

↓ 

Finished Tablets 

 

 EVALUATION OF TABLETS 

HARDNESS TEST 

Tablet hardness test was performed using a Monsanto Hardness Tester to determine the mechanical 

strength of Cetirizine tablets. Hardness testing is important because tablets should possess sufficient strength 

to withstand handling, packaging, transportation, and storage without breaking or chipping. The force 

required to break the tablet was measured in kg/cm². 

 Hardness Test 

Hardness = Force required to break the tablet 

Acceptance Criteria 

[1]​ Standard hardness for tablets: 4–8 kg/cm²  

Table 6 Observation Table of Hardness Test 

Tablet No. Hardness (kg/cm²) 

1 4.9 

2 5.1 

3 5.0 

4 5.2 

5 5.0 

Average Hardness = 5.04 kg/cm² 

Observation: 

All tablets showed hardness within acceptable pharmacopeia limits, indicating good mechanical strength. 

 

Figure 4– Hardness Test Graph 
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FRIABILITY TEST 

Friability test was performed using a Roche Friabilator to determine the ability of tablets to resist abrasion 

and mechanical stress during handling and transportation. 

Twenty tablets were weighed and rotated in the friabilator at 25 rpm for 4 minutes. Tablets were reweighed 

after testing, and percentage friability was calculated. 

Friability  

F = (W initial – W final / W initial) × 100 

Where: 

●​ F = Friability 

●​ W initial = Initial weight of tablets 

●​ W final = Final weight of tablets after test 

 Acceptance Criteria 

●​ Friability should be less than 1%  

Table 7-Observation Table of Friability Test 

Parameter Observation 

Initial Weight 6.50 g 

Final Weight 6.45 g 
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Percentage Friability 0.76% 

Observation: 

The friability value was found within acceptable limits, indicating good resistance to abrasion. 

 

Figure 5– Friability Test Graph 

 

 

 

 

 

DISSOLUTION TEST 

Dissolution study was carried out using a USP Dissolution Apparatus to determine the rate and extent of 

drug release from Cetirizine tablets. The test was performed using suitable dissolution medium under 

controlled temperature and stirring conditions. Samples were collected at different time intervals and 

analyzed spectrophotometrically 

Drug Release (%) = (Amount of drug released / Total amount of drug in dosage form) ×100 

Table 8-– Observation Table of Dissolution Test 

Time (Minutes) Percentage Drug Release (%) 

5 28 

10 46 

15 68 

20 84 

30 98 

Figure 6- Dissolution Profile Graph 
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VI.​ RESULTS AND DISCUSSIONS 

The present study on “Advanced Process Validation in Solid Dosage Forms: Ensuring Quality, 

Safety, and Consistency in Pharmaceutical Manufacturing” was conducted using Cetirizine tablets as the 

model formulation. The study evaluated key quality parameters including hardness, friability, and 

dissolution profile. 

Process validation ensures that manufacturing processes consistently produce products meeting predefined 

quality standards. In this study, all critical process parameters were carefully controlled to maintain batch 

uniformity and product quality. 

Hardness Test 

                                                  Table 9 Results of Hardness Test 

Tablet No. Hardness (kg/cm²) 

T1 4.8 

T2 5.0 

T3 5.2 

T4 5.1 

T5 4.9 

Average Hardness = 5.0 kg/cm² 
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Friability Test 

Table 10 Results of Friability Test 

Parameter Observation 

Initial Weight 6.50 g 

Final Weight 6.45 g 

Weight Loss 0.05 g 

Friability 0.76% 

Dissolution Test 

Table 11 Results of Dissolution Test 

Time (Minutes) Drug Release (%) 

5 28 

10 46 

15 68 

20 84 

30 98 

DISCUSSION 

The results obtained from hardness, friability, and dissolution studies indicate that the Cetirizine tablet 

formulation was successfully developed under controlled process conditions. The hardness values showed 

adequate mechanical strength, friability was within acceptable limits indicating good resistance to physical 

stress, and the dissolution profile demonstrated rapid and complete drug release within the specified time. 

Overall, the findings confirm that proper control of critical process parameters during manufacturing 

ensures consistent tablet quality, stability, and satisfactory in-vitro performance, thereby validating the 

effectiveness of the process. 

VII.​ CONCLUSION 

Process validation is one of the most important quality assurance tools used in pharmaceutical industries for 

maintaining product quality, safety, efficacy, and consistency. The present study on Cetirizine tablets 

demonstrated that proper control of manufacturing processes and critical process parameters significantly 

improves tablet quality and manufacturing reliability. 
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Evaluation parameters such as hardness, friability, and dissolution profile were found within acceptable 

pharmacopeia limits, indicating successful manufacturing and process consistency. 

The study also confirmed that process validation: 

1.​ Reduces batch-to-batch variation 

2.​ Minimizes manufacturing defects 

3.​ Improves process understanding 

4.​ Enhances product quality 

5.​ Supports regulatory compliance 

6.​ Ensures patient safety 

Proper validation of mixing, granulation, drying, lubrication, and compression processes helped achieve 

satisfactory tablet quality and reproducibility. 

VIII.​ FUTURE PROSPECTIVE 

Future developments in process validation may include: 

1.​ Implementation of Quality by Design (QbD) 

2.​ Real-time process monitoring systems 

3.​ Advanced automation in manufacturing 

4.​ Continuous manufacturing technology 

5.​ Artificial intelligence-based process control 

6.​ Improved risk management systems 

7.​ Data-driven validation approaches 

8.​ Advanced Process Analytical Technology (PAT) 
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