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Abstract 

Tablet production is one of the most common dosage forms in the 

pharmaceutical industry, requiring stringent control over quality and 

scalability. This paper discusses the principles of industrial pharmacy as they 

apply to large-scale tablet manufacturing. Topics include raw material 

selection, granulation techniques, compression, coating technologies, and in-

process controls. The study also explores quality by design (QbD), process 

analytical technology (PAT), and continuous manufacturing models that have 

emerged to address scalability challenges. Case studies from Indian and 

international pharmaceutical companies illustrate real-world applications, 

highlighting both successes and persistent barriers. A focus is maintained on 

innovations that reduce batch variability and improve regulatory compliance. 
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INTRODUCTION 

Large-scale tablet manufacturing is a cornerstone of industrial pharmacy, responsible for 

producing billions of units annually to meet global pharmaceutical demands. This process 

requires a delicate balance between efficiency, cost-effectiveness, regulatory compliance, and 
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product quality. With evolving technologies and stricter international guidelines, the 

pharmaceutical industry faces continuous challenges while also innovating in formulation 

development, process automation, and quality assurance. This paper critically reviews current 

practices, major obstacles, and forward-looking solutions in the large-scale manufacturing of 

pharmaceutical tablets. 

 

OVERVIEW OF TABLET MANUFACTURING IN INDUSTRIAL PHARMACY 

Tablet manufacturing in industrial pharmacy is a complex and highly controlled process 

involving multiple stages, each critical to ensuring the final product’s quality, efficacy, and 

safety. The entire operation integrates pharmaceutical science, engineering principles, and 

regulatory compliance to deliver uniform, stable, and effective dosage forms at a large scale. 

Below is a detailed overview of the fundamental process stages and the importance of 

adhering to Good Manufacturing Practices (GMP). 

 

FUNDAMENTAL PROCESS STAGES 

Weighing and Blending 

The initial stage in tablet manufacturing is the precise weighing of the Active Pharmaceutical 

Ingredients (APIs) and the excipients, which include fillers, binders, disintegrants, lubricants, 

and other additives. Accuracy in weighing is essential because any deviation directly impacts 

the dosage strength and therapeutic effectiveness of the tablet. After weighing, the 

components undergo thorough blending or mixing to ensure homogeneity. This blending step 

guarantees content uniformity, meaning every tablet contains the same amount of API 

distributed evenly throughout the mixture. Uniformity is fundamental to patient safety, dosage 

consistency, and regulatory compliance. 

 

Granulation 

Granulation is a critical step that transforms the blended powder mixture into granules, which 

are easier to handle and compress. This step improves the flow properties and compressibility 

of the material, preventing segregation and enhancing tablet quality. There are two primary 

granulation methods: 

 Wet Granulation: This involves adding a granulating fluid (usually a binder solution) 

to the powder blend, followed by drying and sizing. Wet granulation is widely used for 

improving powder cohesion and flow. 
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 Dry Granulation: This process compacts the powder blend into slugs or sheets 

without adding moisture, suitable for moisture-sensitive APIs. The granules are then 

milled to uniform size. 

 

Compression 

Once granules are prepared, they are fed into tablet presses, which compress the material into 

the desired tablet shape and size. Compression is performed on high-speed rotary or single-

punch tablet machines. This stage is highly technical; the calibration of the machine, including 

punch and die selection, must be precise to achieve consistent tablet weight, thickness, 

hardness, and friability. The compression force must be optimized to avoid defects such as 

capping, lamination, or insufficient hardness. Continuous monitoring during compression is 

critical to maintain product quality at large production volumes. 

 

Coating and Packaging 

After compression, tablets often undergo coating to protect them from environmental factors 

such as moisture, light, and air, which can degrade the API. Coatings also enhance the tablet’s 

appearance, taste, and ease of swallowing, improving patient compliance. Coating types 

include sugar coating, film coating, and enteric coating, each with specific applications. 

 

Following coating, tablets are packaged into blister packs, bottles, or strips in a controlled 

environment to prevent contamination and maintain stability. Packaging operations must 

comply with stringent cleanliness standards, ensuring the product remains sterile or free from 

particulate contamination. Proper packaging also includes labeling with batch numbers, expiry 

dates, and storage conditions to ensure traceability and regulatory adherence. 

 

ROLE OF GOOD MANUFACTURING PRACTICES (GMP) 

Good Manufacturing Practices (GMP) form the cornerstone of industrial pharmacy 

operations, mandating strict controls on every aspect of tablet manufacturing. GMP guidelines 

ensure that products are consistently produced and controlled according to quality standards 

suitable for their intended use. 
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Key GMP principles include: 

 Hygiene and Cleanliness: Manufacturing areas must be regularly sanitized, and 

personnel must follow strict hygiene protocols, including wearing protective clothing 

and minimizing contamination risks. 

 

 Documentation: Comprehensive documentation is required for every batch, including 

raw material records, process parameters, equipment calibration logs, and quality 

control test results. This traceability ensures accountability and facilitates audits. 

 

 Process Validation: Each manufacturing step must be validated to prove that it 

produces consistent and reproducible results. This includes validation of blending, 

granulation, compression, coating, and packaging processes. 

 

 Employee Training: Regular training programs are necessary to keep staff updated on 

SOPs, safety protocols, and regulatory requirements, ensuring operational competence. 

 

Failure to comply with GMP can lead to severe regulatory actions such as warning letters, 

product recalls, suspension of manufacturing licenses, or complete plant shutdowns. 

Moreover, non-compliance jeopardizes patient safety and damages company reputation. 

Therefore, adherence to GMP is not only a legal obligation but a critical factor in sustaining 

quality and trust in pharmaceutical manufacturing. 

 

Table 1: Key Unit Operations in Large-Scale Tablet Manufacturing 

Unit Operation Purpose Critical Parameters Common Challenges 

Weighing & 

Blending 

Accurate measurement 

and uniform mixing 

API/excipient ratio, blending 

time 

Segregation, content 

uniformity issues 

Granulation 
Improve flow & 

compressibility 

Moisture content, granule 

size 

Over/under wetting, 

stability concerns 

Compression 
Form tablets from 

granules 

Compression force, punch 

speed 

Tablet hardness variation, 

capping 

Coating 
Protect tablets and 

improve appearance 

Coating thickness, drying 

time 

Inconsistent coating, 

peeling 

Packaging 
Protect and contain 

finished tablets 

Packaging integrity, 

contamination 

Contamination risk, 

packaging defects 
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CHALLENGES IN LARGE-SCALE TABLET MANUFACTURING 

Large-scale tablet manufacturing in the pharmaceutical industry presents numerous complex 

challenges that can impact product quality, efficiency, and regulatory compliance. Scaling up 

from laboratory or pilot scale to full industrial production amplifies these difficulties, 

requiring precise control, robust process design, and innovative solutions. Below is a detailed 

discussion of the key challenges encountered during large-scale tablet manufacturing. 

 

Achieving Content Uniformity 

Content uniformity is a critical quality attribute that ensures each tablet contains the precise 

amount of the active pharmaceutical ingredient (API) within a specified range. Achieving this 

uniformity on a large scale is particularly challenging, especially when dealing with low-dose 

APIs, where even minute discrepancies can cause significant variations in drug content. 

Several factors contribute to this difficulty: 

 Mixing Efficiency: The thorough mixing of API and excipients is essential to avoid 

segregation. However, at large batch sizes, achieving a homogeneous blend becomes 

more difficult due to differences in particle size, density, and flow properties of 

individual components. Improper mixing can cause localized concentration 

differences, resulting in dose variability. 

 

 Segregation during Transfer: Movement of powder blends from one process stage to 

another (e.g., from blender to granulator or feeder) can cause particle segregation, 

where heavier or larger particles settle separately from lighter ones. This separation 

disrupts content uniformity and can cause batch rejections. 

 

 Analytical Limitations: Detecting and measuring uniformity in low-dose 

formulations demands highly sensitive and precise analytical techniques, which adds 

complexity and cost to quality control processes. 

 

Ensuring content uniformity requires optimized blending techniques, use of granulation to 

minimize segregation, and advanced in-process monitoring systems such as Near-Infrared 

(NIR) spectroscopy for real-time analysis. 

 



 
 
 

18 Page 13-25 © MANTECH PUBLICATIONS 2025. All Rights Reserved 

 

International Journal of Drug Analysis, Industrial Pharmacy and Pharmaceutical 

Research 

Volume 1, Issue 1, January-June, 2025 

 

 
Process Variability and Equipment Limitations 

Despite advances in automation and process control, inherent variability in raw materials and 

equipment constraints continue to challenge the production process. This variability can 

negatively impact tablet quality attributes such as weight, hardness, dissolution, and stability. 

Key contributing factors include: 

 Raw Material Inconsistencies: Natural variations in raw materials, such as 

differences in particle size distribution, moisture content, and compressibility, affect 

how they behave during processing. Inconsistent raw materials require frequent 

adjustments to process parameters, increasing complexity. 

 Machine Limitations: High-speed tablet presses and granulators are subject to 

mechanical wear and sensitivity to vibrations, which can cause fluctuations in 

compression force and tablet weight. Maintenance issues, such as punch and die wear, 

can lead to defects like capping or lamination. 

 Changeover Times and Downtime: Switching between different products or 

formulations requires extensive cleaning and machine setup, resulting in significant 

downtime. Long changeover times reduce manufacturing flexibility and productivity. 

 Environmental Factors: Variations in temperature and humidity within the 

manufacturing area can influence process consistency, affecting powder flow and 

tablet properties. 

 

Addressing process variability requires regular preventive maintenance, implementation of 

robust process analytical technology (PAT) tools, and thorough training of operators to detect 

and correct deviations promptly. 

 

Moisture Sensitivity and Stability Concerns 

Many pharmaceutical formulations are highly sensitive to moisture, heat, and light. Exposure 

to these environmental factors during manufacturing and packaging can accelerate 

degradation reactions such as hydrolysis, oxidation, or photolysis, compromising the drug’s 

potency and shelf life. 

Challenges include: 

 Control of Humidity: Maintaining low humidity levels in production areas is critical, 

especially for hygroscopic materials that absorb moisture rapidly. This requires 
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specialized HVAC systems, dehumidifiers, and controlled environments, which 

increase operational costs. 

 Protective Coatings and Packaging: Coating tablets with moisture-resistant film or 

enteric layers helps protect the API from degradation. However, applying uniform 

coatings on a large scale is technically demanding and requires precise process control. 

 Packaging Materials: Selecting appropriate packaging materials (e.g., blister packs 

with aluminum foil or moisture barrier films) is essential to preserve tablet stability 

during storage and transport. Improper packaging can lead to moisture ingress and 

quality deterioration. 

 

Ensuring stability involves a comprehensive stability-testing program during development and 

implementing environmental controls and packaging solutions suited to the formulation’s 

sensitivity. 

 

Scale-Up Issues from Lab to Production 

The transition from small-scale laboratory batches or pilot plant runs to full-scale industrial 

production is one of the most significant challenges in tablet manufacturing. Processes that 

work well on a small scale often behave differently when scaled up, due to changes in 

equipment size, process dynamics, and energy inputs. 

Key scale-up challenges include: 

 Equipment Differences: Larger equipment may have different mixing dynamics, heat 

transfer characteristics, and mechanical forces compared to lab-scale instruments. For 

example, the granulator or tablet press in production may operate at higher speeds or 

with different shear forces, affecting granule properties and tablet quality. 

 Energy Input Variations: The energy applied during blending, granulation, or 

compression affects particle size distribution, density, and compressibility. Scaling up 

requires adjusting these parameters to replicate lab-scale product attributes accurately. 

 Process Control Complexity: Industrial-scale processes involve longer processing 

times, larger batch volumes, and more complex logistics, making it harder to maintain 

consistent conditions throughout the production run. 

 Regulatory Validation: Scale-up requires extensive process validation to demonstrate 

reproducibility and control over critical quality attributes, which can be resource-

intensive and time-consuming. 



 
 
 

20 Page 13-25 © MANTECH PUBLICATIONS 2025. All Rights Reserved 

 

International Journal of Drug Analysis, Industrial Pharmacy and Pharmaceutical 

Research 

Volume 1, Issue 1, January-June, 2025 

 

 
Successful scale-up demands systematic risk assessments, Design of Experiments (DoE) 

studies, and close collaboration between formulation scientists, process engineers, and quality 

assurance teams to identify and mitigate scale-related issues early in development. 

 

Table 2: Major Challenges vs. Innovative Solutions in Tablet Manufacturing 

Challenge 
Impact on 

Manufacturing 
Innovative Solution Benefit 

Content Uniformity 
Batch rejection, 

inconsistent dosing 

Continuous 

Manufacturing (CM) 

Enhanced consistency 

and yield 

Process Variability 
Reduced quality, 

downtime 

AI and Machine 

Learning (ML) 

Predictive maintenance, 

quality control 

Moisture Sensitivity Product degradation 
Advanced Coating 

Technologies 
Improved stability 

Scale-Up 

Difficulties 

Delays in production, 

costly trials 

Real-Time Release 

Testing (RTRT) 

Faster release, reduced 

batch failures 

Manual Handling 

Contamination 

Risk of product 

contamination 

Automation and 

Robotics 

Lower contamination 

risk, increased 

throughput 

 

INNOVATIONS AND EMERGING SOLUTIONS 

Continuous Manufacturing (CM) 

CM replaces traditional batch processing with a non-stop production flow. It enhances 

productivity, reduces human errors, and allows real-time monitoring and control. Regulatory 

agencies like the FDA support CM adoption for its potential to improve product quality. 

 

Real-Time Release Testing (RTRT) 

RTRT integrates Process Analytical Technology (PAT) to assess critical quality attributes 

(CQAs) during manufacturing. This real-time monitoring allows immediate quality decisions, 

reducing the need for end product testing and speeding up production. 
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Adoption of Artificial Intelligence (AI) and Machine Learning (ML) 

AI algorithms analyze large datasets to predict failures, optimize formulations, and maintain 

consistent quality. ML models can also be used in predictive maintenance of machines, 

minimizing downtime. 

 

Use of Direct Compression Techniques 

Direct compression eliminates granulation, simplifying the process and reducing production 

time and cost. This method is especially suitable for APIs with good compressibility and 

stability. 

 

Automation and Robotics 

Modern facilities use robotic arms for material handling, tablet sorting, and blister packing. 

This not only increases throughput but also minimizes contamination risk due to human 

intervention. 

 

Table 3: Comparison of Traditional Batch vs. Continuous Manufacturing 

Parameter 
Traditional Batch 

Manufacturing 
Continuous Manufacturing (CM) 

Production Mode Batch-wise Continuous flow 

Production Time Hours to days Minutes to hours 

Process Control Endpoint testing Real-time monitoring 

Equipment 

Footprint 
Larger due to multiple units Compact and integrated 

Flexibility Limited 
High, suitable for multiple 

formulations 

Regulatory Support Well-established Increasing support from FDA, EMA 

 

REGULATORY AND QUALITY CONSIDERATIONS 

Regulatory Landscape and Compliance 

Regulatory authorities such as the USFDA, EMA, and CDSCO mandate rigorous checks on 

manufacturing processes. Companies must prepare for regular inspections, thorough 

documentation, and real-time data submissions. 
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Quality by Design (QbD) 

QbD involves designing quality into the product from the start rather than testing it in the final 

stage. It emphasizes understanding the relationship between formulation variables and product 

performance. 

 

Data Integrity and Electronic Batch Records (EBR) 

Maintaining accurate and traceable production data is essential. EBR systems replace paper 

records, ensuring data integrity and facilitating audits. 

 

CASE STUDIES AND INDUSTRY EXAMPLES 

Implementation of CM at Janssen Pharmaceuticals 

Janssen adopted continuous manufacturing for its HIV drug production, reducing lead times 

from three weeks to one day. This showcases the practical benefits of CM in terms of speed, 

consistency, and flexibility. 

 

AI Integration at a Generic Manufacturing Plant in India 

A mid-sized Indian pharma company implemented AI-driven analytics to optimize blending 

time and compression speed, which led to a 10% increase in overall equipment effectiveness 

(OEE) and a 15% reduction in product defects. 

 

HUMAN RESOURCE AND TRAINING CHALLENGES 

Need for Specialized Workforce 

Advanced technologies demand skilled operators with a background in pharmaceutical 

engineering, data science, and regulatory affairs. Training and retraining are essential to keep 

pace with innovations. 

 

Cultural Shift towards Digitization 

There is resistance among older personnel toward adopting digital systems like EBR or PAT 

tools. Change management strategies and digital literacy programs are necessary to overcome 

these barriers. 
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Table 4: Training and Human Resource Requirements in Large-Scale Tablet 

Manufacturing 

Training Area Skill Requirements Challenges Solutions 

Equipment 

Operation 

Technical knowledge of 

machinery 

Resistance to 

technology 

Regular workshops, 

hands-on training 

Quality Control and 

GMP 

Understanding regulatory 

compliance 

Documentation 

errors 

Digital record-keeping, 

training programs 

Data Analytics and 

AI Tools 

Basic programming and 

data interpretation 

Low digital 

literacy 

E-learning modules, 

mentoring 

Change 

Management 

Adaptability to new 

systems 
Cultural resistance 

Leadership support, 

incentive programs 

 

FUTURE OUTLOOK AND STRATEGIC DIRECTIONS 

Personalized Medicine and Flexible Manufacturing 

With the rise of personalized medicine, flexible and modular production lines will become 

necessary. These systems must accommodate small-batch, multi-variant production without 

compromising quality. 

 

Sustainability and Green Manufacturing 

There is an increasing emphasis on eco-friendly practices such as solvent-free formulations, 

energy-efficient machinery, and waste minimization techniques to meet global environmental 

standards. 

 

Integration of Blockchain for Traceability 

Blockchain can revolutionize the traceability of raw materials, intermediates, and finished 

products, enhancing transparency in the supply chain and preventing counterfeiting. 

 

CONCLUSION 

Large-scale tablet production demands a multidisciplinary approach involving engineering, 
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material science, and quality management. Industrial pharmacy has grown beyond traditional 

batch processes, embracing continuous manufacturing and real-time release testing (RTRT) to 

enhance productivity and quality. The integration of QbD and PAT frameworks offers a 

predictive understanding of how formulation and process variables affect product 

performance. However, challenges remain, especially in workforce training, equipment 

standardization, and regulatory alignment. Addressing these will require ongoing 

collaboration between industry, academia, and regulatory bodies. The road ahead lies in smart 

manufacturing units powered by AI and IoT, offering scalable, reproducible, and cost-

effective tablet production systems. 
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