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Direct compression (DC) is an efficient tablet manufacturing technique in which a 

powder blend containing the active pharmaceutical ingredient (API) and suitable 

excipients is compressed directly without an intermediate granulation step. Although 

DC offers advantages such as reduced processing time, lower energy consumption, 

fewer manufacturing operations, and limited exposure to heat and moisture, it requires 

excipients with appropriate flow and compaction properties. Microcrystalline cellulose 

(MCC) is one of the most widely used excipients in DC formulations because of its 

excellent compactibility, tabletability, dry-binding capacity, and favorable plastic 

deformation behavior. However, MCC performance is influenced by several material 

attributes, including particle size, particle-size distribution, morphology, porosity, 

density, moisture content, crystallinity, surface characteristics, and manufacturing 

conditions. This review critically examines the physicochemical and functional 

properties of MCC and their relationship with direct-compression performance. 

Particular emphasis is placed on MCC deformation and interparticle bonding 

mechanisms, compressibility, compactibility, tabletability, grade and source variability, 

lubricant sensitivity, and effects on tablet critical quality attributes. The review also 

discusses MCC-based co-processed excipients as an emerging approach to improve 

powder flow, compaction, multifunctionality, and formulation robustness. Furthermore, 

current developments in advanced material characterization, predictive formulation 

development, continuous manufacturing, and science-based excipient selection are 

highlighted. Understanding the relationships among MCC material attributes, powder 

behavior, compression mechanisms, and final tablet performance is essential for rational  
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excipient selection and development of robust direct-

compression formulations. Overall, MCC remains a critical 

multifunctional excipient for modern tablet manufacturing, 

while continued material engineering and predictive 

approaches may further enhance its performance and 

formulation versatility. 

INTRODUCTION  

Direct compression (DC) is one of the simplest and 

most widely used approaches for pharmaceutical 

tablet manufacturing. In this process, the active 

pharmaceutical ingredient (API) is blended with 

suitable excipients and compressed directly into 

tablets without intermediate granulation or drying. 

Compared with wet granulation, DC offers several 

advantages, including fewer manufacturing 

operations, reduced processing time and energy 

consumption, lower equipment requirements, and 

limited exposure of formulation components to 

heat and moisture [1]. However, the absence of a 

granulation step places greater demands on 

powder properties. Adequate flowability, packing, 

compressibility, compactibility, and tabletability 

are essential for consistent die filling and 

successful tablet formation. Poor flow can cause 

tablet-weight variation, whereas inadequate 

compactibility or tabletability may result in weak 

tablets, increased friability, capping, or 

lamination. Particle size, density, morphology, 

surface characteristics, and moisture content can 

further influence segregation and tablet 

performance [2]. 

Microcrystalline cellulose (MCC) is a purified, 

partially depolymerized cellulose excipient and 

one of the most widely used functional excipients 

in DC formulations. It is primarily used as a 

diluent and dry binder because of its excellent 

compaction properties and ability to produce 

mechanically robust tablets. During compression, 

MCC undergoes substantial plastic deformation, 

allowing particles to conform to adjacent particles 

and establish extensive interparticulate contact. 

This increases the effective bonding area and 

promotes strong interparticle bonds, thereby 

enhancing tablet tensile strength and reducing 

friability. MCC is particularly valuable in 

formulations containing APIs with poor 

compactibility or limited tableting performance 
[3,4]. Its favorable deformation behavior and ability 

to facilitate tablet formation have contributed to its 

widespread use in direct-compression 

formulations. 

The functionality of MCC is strongly influenced 

by its physicochemical and structural material 

attributes. Important attributes include particle size 

and distribution, morphology, porosity, density, 

moisture content, crystallinity, degree of 

polymerization, specific surface area, and surface 

characteristics. These properties can affect powder 

flow, packing efficiency, deformation behavior, 

interparticle bonding, and ultimately tablet 

performance. Particle size and morphology may 

influence flowability and die filling, whereas 

porosity and density can affect particle 

rearrangement, deformation, and bonding during 

compression. Moisture content may alter 

interparticle interactions and the mechanical 

response of MCC, while crystallinity and 

molecular structure can influence deformation and 

bonding. Consequently, MCC grades from 

different manufacturers or production processes 

may exhibit distinct functional performance 

despite meeting general compendial 

specifications. Differences in particle size, 

moisture content, density, porosity, and surface 

properties have been associated with variations in 

powder behavior and tabletability [5,6]. 

The increasing emphasis on critical material 

attributes (CMAs), process understanding, 

continuous manufacturing, and excipient 

engineering has further highlighted the importance 

of controlling MCC functionality [7]. Identification 
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of relevant CMAs can help establish relationships 

between MCC properties, processing behavior, 

and critical quality attributes of the resulting 

tablets. Co-processed MCC-based excipients have 

also been developed to combine the favorable 

compaction characteristics of MCC with 

complementary properties such as improved 

flowability, enhanced disintegration, reduced 

lubricant sensitivity, or multifunctionality. Such 

engineered excipients can address limitations 

associated with conventional MCC and provide 

greater formulation flexibility, particularly for 

challenging APIs and high-drug-load 

formulations. In addition, lubrication, blending 

conditions, compression pressure, and dwell time 

can influence the deformation and bonding 

behavior of MCC. Therefore, MCC functionality 

should be considered as an interaction between 

material attributes, formulation composition, and 

manufacturing conditions [8]. 

Although previous reviews have extensively 

discussed MCC and its application in direct 

compression, continuing advances in excipient 

engineering, material characterization, powder 

technology, and pharmaceutical manufacturing 

warrant an updated and critically focused 

assessment. A comprehensive understanding of 

the relationships among MCC material attributes, 

powder behavior, deformation mechanisms, 

compressibility, compactibility, tabletability, and 

final tablet quality remains important for rational 

excipient selection and formulation development 
[5]. Accordingly, this review critically examines 

the role of MCC in direct-compression tablet 

manufacturing, focusing on its physicochemical 

and functional attributes, powder behavior, 

compression and deformation mechanisms, 

compressibility, compactibility and tabletability, 

grade-to-grade variability, lubricant sensitivity, 

co-processed excipients, and influence on tablet 

performance. Current research gaps and future 

opportunities in MCC characterization, functional 

excipient development, co-processing, and 

advanced tablet manufacturing are also discussed. 

Comprehensive Literature Search 

A comprehensive literature search was conducted 

using PubMed, Scopus, Web of Science, 

ScienceDirect, and Google Scholar to identify 

relevant literature on Microcrystalline Cellulose, 

Direct Compression, Tabletability, Critical 

Material Attributes, Excipient Functionality, and 

Tablet Performance. Priority was given to peer-

reviewed original research articles, review articles, 

and authoritative pharmaceutical sources. The 

retrieved literature was critically evaluated with 

emphasis on the relationships between MCC 

material attributes, direct-compression behavior, 

tabletability, critical material attributes, excipient 

functionality, and overall tablet performance. 

Relevant studies published in these areas were 

considered to provide a comprehensive and 

contemporary assessment of the role of MCC in 

direct-compression tablet manufacturing. 

Direct Compression: Principles and 

Manufacturing Process 

Direct compression is a tablet manufacturing 

technique in which a powder blend containing the 

active pharmaceutical ingredient (API) and 

suitable excipients is compressed directly into 

tablets without an intermediate granulation step. 

The process generally involves raw-material 

dispensing, sieving or particle-size adjustment 

when necessary, blending, lubrication, 

compression, and subsequent tablet handling and 

packaging. The principal advantage of direct 

compression is the reduction in processing steps 

compared with conventional wet granulation. The 

absence of granulation and drying can reduce 

manufacturing time, energy consumption, 

equipment requirements, and exposure of 
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formulation components to moisture and elevated 

temperatures. Direct compression is therefore 

particularly advantageous for moisture-sensitive 

and heat-sensitive pharmaceutical materials and 

provides a simpler and more efficient 

manufacturing approach [9]. 

However, eliminating the granulation step places 

greater demands on the intrinsic properties of the 

powder formulation. During wet or dry 

granulation, poorly flowing or poorly compactable 

powders can be converted into granules with 

improved flow, packing, and handling 

characteristics. Such modification is absent in 

direct compression, making the inherent properties 

of APIs and excipients important determinants of 

manufacturing performance. Adequate flowability 

is essential for uniform die filling, while 

compressibility, compactibility, and tabletability 

influence powder consolidation and the 

mechanical strength of the resulting tablets [10]. 

Therefore, appropriate excipient selection and 

control of critical material attributes are essential 

for achieving consistent and reproducible direct-

compression tablet manufacturing. 

1. Manufacturing Process [11] 

The general sequence can be represented as: 

Raw material dispensing → Sieving/milling, if 
required → Pre-blending → Final blending → 
Lubrication → Compression → Dedusting and 
inspection → Packaging 

Particle-size adjustment may be performed when 

required to improve blend uniformity or flow. The 

API and excipients are subsequently blended to 

obtain a homogeneous powder mixture. 

Lubrication is generally performed after blending 

by incorporating an appropriate lubricant under 

controlled mixing conditions. The lubricated blend 

is transferred to the tablet compression machine, 

where it is compacted under controlled pressure. 

2. Advantages [12] 

Direct compression provides: 

➢ Reduced manufacturing operations 

➢ Shorter processing time 

➢ Lower energy consumption 

➢ Reduced equipment requirements 

➢ Reduced exposure to heat and moisture 

➢ Lower potential for processing-related 

degradation 

➢ Simplified process control 

➢ Potential reduction in manufacturing cost 

➢ Suitability for high-throughput manufacturing 

➢ Potential compatibility with continuous 

manufacturing 

3. Limitations 

The major limitation of direct compression is its 

dependence on the intrinsic properties of the 

powder blend. Poor flowability may result in 

inadequate die filling, whereas differences in 

particle size, density, or morphology may cause 

segregation. Poor compressibility or compatibility 

may result in insufficient tablet strength, while 

excessive elastic recovery may contribute to 

capping and lamination. Lubricant concentration, 

blending time, compression force, compression 

speed, moisture content, and excipient grade may 

further influence tablet performance [13]. 
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Table 1. Comparison of direct compression with wet and dry granulation [14] 

Parameter Direct compression Wet granulation Dry granulation 

Granulation step Not required Required Required 

Drying step Not required Required Not required 

Processing time Short Long Moderate 

Energy requirement Low High Moderate 

Heat exposure Low Potentially high Low–moderate 

Moisture exposure Low High Low 

Equipment requirement Lower Higher Moderate 

Powder-flow requirement High Lower after granulation Moderate 

Manufacturing complexity Low High Moderate 

Microcrystalline Cellulose: Structure, 

Manufacture and Functionality 

MCC is a purified, partially depolymerized 

cellulose material widely used as a pharmaceutical 

excipient. Cellulose consists of β-(1→4)-linked D-

glucose units. MCC is generally produced by 

controlled hydrolysis of purified cellulose, 

preferentially modifying the less ordered regions 

and reducing the degree of polymerization. The 

resulting material retains crystalline domains and 

exhibits structural characteristics suitable for 

pharmaceutical applications [15].  

MCC is commonly manufactured from cellulose-

rich materials such as wood pulp and cotton. The 

general manufacturing process involves 

purification of the cellulose source, controlled acid 

hydrolysis, washing and neutralization, followed 

by drying and particle-size adjustment [16]. 

Differences in raw material source and 

manufacturing conditions can influence the 

physical characteristics and functional 

performance of the final material. 

The functionality of MCC is not determined by 

chemical composition alone. Particle size, 

morphology, porosity, density, moisture content, 

crystallinity, degree of polymerization, and 

surface characteristics may influence powder flow, 

packing, deformation, and bonding behavior. 

Thus, different MCC grades may exhibit 

substantially different performance during direct 

compression. Commercial MCC variability has 

been associated with differences in attributes such 

as particle size, density, specific surface area, 

morphology, moisture content, degree of 

polymerization, and crystallinity [17].  

Physicochemical and Functional Attributes of 

MCC [18,19] 

1. Particle Size and Particle-Size Distribution 

Particle size influences powder flow, packing, 

surface area, and compaction behavior. Smaller 

particles can provide greater specific surface area 

and potentially more interparticle contacts; 

however, very fine particles may exhibit increased 

cohesion and poorer flow. Larger particles may 

improve flow but can alter packing efficiency and 

bonding. 

Particle-size distribution is also important because 

smaller particles can occupy void spaces between 

larger particles and thereby influence packing. 

Conversely, substantial size differences between 

MCC and other formulation components may 

increase segregation risk. 

2. Particle Morphology 

Particle morphology influences flow, packing, 

surface contact, and deformation. Differences in 

particle shape and surface structure can arise from 
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differences in raw material and manufacturing 

conditions. Morphology can consequently affect 

particle rearrangement during compression and the 

formation of interparticle contacts. 

3. Porosity and Specific Surface Area 

The porous structure of MCC contributes to its 

deformation and compaction behavior. Specific 

surface area influences the extent of contact 

between MCC particles and other formulation 

components. However, greater surface area can 

also increase interactions with moisture and 

lubricants. 

4. Bulk and Tapped Density 

Bulk and tapped density provide information 

regarding powder packing. Differences in density 

can influence blend homogeneity, die filling, and 

overall tablet weight. Tapped density has also been 

identified as a potentially important MCC material 

attribute associated with tabletability. 

5. Moisture Content 

Moisture content can influence the mechanical 

behavior and functionality of MCC. Water can act 

as a plasticizing agent and affect interparticle 

bonding, powder flow, and tablet strength. 

Therefore, moisture should be controlled during 

manufacturing and storage. 

6. Crystallinity and Degree of Polymerization 

MCC contains crystalline and less ordered regions. 

Its degree of crystallinity and degree of 

polymerization are associated with the structure of 

the cellulose material and may influence its 

mechanical behavior. Controlled 

depolymerization during manufacture contributes 

to the characteristic functionality of MCC. 

7. Powder Flowability 

Adequate flowability is essential for consistent die 

filling during direct compression. MCC is 

generally a useful direct-compression excipient, 

but its flow properties vary among grades. Particle 

size, morphology, density, moisture content, and 

surface characteristics contribute to this 

variability. 

Table 2. Critical Material Attributes of MCC and Their Influence on Direct-Compression Performance 

Critical Material Attribute Influence On Powder Behavior Potential Impact on Tablet 

Performance 

Particle size and distribution Flow, packing, segregation Weight/content uniformity 

Particle morphology Flow, packing, contact area Tabletability 

Porosity and surface area Densification, interparticle contact Tablet strength 

Bulk/tapped density Packing and die filling Weight variation 

Moisture content Plasticity, bonding Strength and disintegration 

Crystallinity Deformation behavior Compactibility 

Degree of polymerization Structural/mechanical behavior Tabletability 

Surface characteristics Cohesion and lubrication Bonding and tablet performance 

Compressibility, Compactibility and 

Tabletability 

Compressibility, compactibility, and tabletability 

describe related but distinct aspects of powder 

compaction and should not be used 

interchangeably. 

Compressibility describes the ability of a powder 

bed to decrease in volume or increase in solid 

fraction under applied pressure. 
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Compactibility describes the ability of a powder 

to form a mechanically strong compact at a given 

degree of densification or solid fraction. 

Tabletability describes the ability of a powder to 

produce a tablet of a specified mechanical strength 

at a given compaction pressure. 

MCC is particularly valuable because of its 

favorable plastic deformation and bonding 

characteristics. Commercial-scale investigations 

have shown that multiple MCC material attributes 

can contribute to tabletability, rather than particle 

size or moisture alone.  

Table 3. Compressibility, Compactibility and Tabletability of MCC 

Property Definition Importance in MCC-based direct 

compression 

Compressibility Ability of powder to densify under pressure Describes powder consolidation 

Compactibility Ability to form a strong compact at a given 

solid fraction 

Indicates bonding efficiency 

Tabletability Ability to produce a strong tablet at a given 

pressure 

Describes overall tableting performance 

Mechanism of MCC During Compression 

The excellent direct-compression performance of 

MCC is closely associated with its deformation 

and interparticle bonding behavior. Tablet 

formation involves particle rearrangement, 

deformation, densification, bonding, and elastic 

recovery. 

During the initial stage of compression, MCC 

particles rearrange within the powder bed, 

reducing interparticle void spaces. With increasing 

pressure, MCC undergoes substantial plastic 

deformation. Plastic deformation increases the 

contact area between adjacent particles and 

promotes the formation of interparticle bonds. 

Continued compression produces further 

densification and formation of a coherent tablet 

matrix. 

After removal of the compression force, partial 

elastic recovery occurs. Excessive elastic recovery 

may generate internal stresses and contribute to 

defects such as capping and lamination. Therefore, 

robust tablet formation depends on an appropriate 

balance between plastic deformation, bonding, 

densification, and elastic recovery [20,21]. 

The plastic deformation of MCC is a major reason 

for its high tabletability and dry-binding 

performance.  

Compression Pathway: 

MCC Material Attributes 

↓ 

Particle Rearrangement 

↓ 

Plastic Deformation 

↓ 

Increased Interparticle Contact 

↓ 

Interparticle Bonding 

↓ 

Densification 

↓ 

Tablet Formation 

↓ 

Elastic Recovery 

↓ 

Final Tablet Quality 

MCC Grade and Source Variability 
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Commercial MCC is available in multiple grades 

differing in particle size, density, moisture content, 

morphology, and other functional characteristics. 

Therefore, grade selection should be based on 

formulation requirements rather than assuming 

equivalent performance among all MCC products 
[15,22]. 

Different grades can provide different balances 

between flowability and tabletability. Coarser 

materials may provide improved powder flow, 

whereas finer materials may provide different 

surface and bonding characteristics. The optimal 

grade therefore depends on API properties, 

formulation composition, required tablet 

characteristics, and manufacturing conditions. 

Source-to-source and batch-to-batch variability 

may also influence MCC performance. 

Differences in cellulose source, hydrolysis, 

purification, drying, milling, and particle 

engineering can alter relevant material attributes 
[23]. These variations may subsequently influence 

flow, compaction, tablet strength, disintegration, 

and dissolution. Studies involving large numbers 

of commercially produced MCC samples 

demonstrate that attributes not always captured by 

conventional certificates of analysis can contribute 

to tabletability [24].  

Table 4. Representative MCC Grades and General 

Functional Characteristics 

MCC 

Grade 

General 

Characteristic 

Main Formulation 

Consideration 

PH 101 Fine particle 

grade 

Strong binding and 

compaction 

PH 102 Coarser particle 

grade 

Improved flow with 

good compaction 

PH 103 Low-moisture 

grade 

Moisture-sensitive 

formulations 

PH 105 Very fine grade High surface area/ 

bonding potential 

PH 200 Coarser particle 

grade 

Improved flow 

Lubricant Sensitivity of MCC 

Lubricants are essential in tablet manufacturing 

because they reduce friction between the powder 

blend and tablet-punch and die surfaces. 

Magnesium stearate is among the most widely 

used pharmaceutical lubricants. However, 

excessive lubricant concentration, intensive 

mixing, or prolonged lubrication can adversely 

affect the compaction behavior of plastically 

deforming materials such as MCC [25]. 

Lubrication can also influence disintegration and 

dissolution because hydrophobic lubricant films 

may reduce wetting and alter tablet structure [26,27]. 

Alternative lubricants have therefore been 

investigated to obtain adequate lubrication while 

minimizing negative effects on tablet strength and 

drug release.  

MCC Based Co-Processed Excipients 

Although MCC possesses excellent direct-

compression functionality, limitations related to 

flowability, lubricant sensitivity, elastic recovery, 

and formulation-specific performance have 

encouraged the development of co-processed 

excipients. Co-processing combines two or more 

excipients through an engineered manufacturing 

process to obtain complementary functionality. 

MCC-based co-processed excipients can combine 

MCC’s compactibility with improved flowability, 
disintegration, dilution potential, or other 

functions, providing multifunctional excipient 

platforms and potentially reducing formulation 

complexity [28,29,30]. 

Co-processing can modify particle size, 

morphology, porosity, surface characteristics, and 

powder packing, thereby influencing flow, 

compression, tabletability, disintegration, and 

dissolution. Research on biosourced MCC-

containing co-processed systems has 

demonstrated that co-processing can 

simultaneously modify powder flow, tablet tensile 
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strength, compressibility, and disintegration, 

highlighting the potential of engineered MCC-

based materials for direct compression [31,32]. 

Material To Performance Framework 

The relationship between MCC material attributes 

and tablet quality can be represented as an 

integrated material-to-performance pathway. 

MCC critical material attributes 

Particle size | Morphology | Moisture | Density | 

Porosity | Crystallinity | Surface characteristics 

↓ 
Powder functional properties 

Flowability | Packing | Segregation tendency | 

Lubricant interaction 

↓ 
Compression behavior 

Compressibility | Compactibility | Plastic 

deformation | Interparticle bonding | Elastic 

recovery 

↓ 
Tablet critical quality attributes 

Weight | Tensile strength | Hardness | Friability | 

Disintegration | Dissolution | Content uniformity 

This framework emphasizes that MCC material 

attributes should not be considered independently 

from formulation composition and process 

parameters. A change in one attribute may 

influence several downstream properties 

simultaneously. This material-to-performance 

approach is consistent with the broader emphasis 

in MCC literature on linking material attributes 

with final tablet performance.  

API – MCC Interactions 

The performance of microcrystalline cellulose 

(MCC) in direct compression is strongly 

influenced by its interactions with the API and 

other formulation components. API properties 

such as particle size, morphology, density, surface 

characteristics, dose fraction, compactibility, and 

flow behavior can alter blend characteristics and 

determine the functional contribution of MCC 

during tablet formation. The relative proportions 

of API and MCC are important because MCC 

concentration affects powder flow, compaction, 

interparticle bonding, and tablet strength. High-

dose APIs may reduce the MCC available for 

binding, whereas poorly compactible APIs may 

increase dependence on MCC to achieve adequate 

tablet strength [33,34]. 

Differences in particle size, density, morphology, 

and surface characteristics between the API and 

MCC can influence mixing, packing, and 

segregation. Fine, cohesive APIs may exhibit poor 

flow and form agglomerates, whereas larger or 

denser particles may segregate from the MCC-rich 

fraction during blending, transfer, and die filling. 

Such differences can affect API distribution, 

content uniformity, and tablet consistency [35,36,37]. 

Surface interactions between API and MCC may 

further influence interparticle adhesion, 

deformation, bonding, tablet structure, 

disintegration, and dissolution. 

Therefore, MCC should not be selected solely on 

the basis of its intrinsic compactibility or flow 

properties. Effective formulation development 

should consider API characteristics together with 

MCC grade, concentration, particle-size 

distribution, lubricant level, blending conditions, 

and compression parameters. Systematic 

evaluation of these factors can support appropriate 

MCC selection and improve the robustness and 

consistency of direct-compression formulations. 

Influence of MCC on Tablet Critical Quality 

Attributes 

The influence of MCC extends from powder flow 

and compaction to the critical quality attributes 
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(CQAs) of the finished tablet. However, these 

CQAs are determined by the combined effects of 

MCC material attributes, API properties, 

formulation composition, and process parameters 
[38,39]. Tablet tensile strength is influenced by 

deformation and interparticle bonding. 

Appropriate MCC selection and compression 

conditions can contribute to mechanically robust 

tablets with low friability, whereas excessive 

elastic recovery or inappropriate compression 

conditions may increase the risk of capping and 

lamination. MCC grade, particle size, moisture 

content, density, and porosity can further influence 

powder packing and compaction behavior. 

Disintegration and dissolution are influenced by 

MCC concentration, tablet porosity, compression 

force, drug properties, and other excipients. 

Increased tablet strength does not necessarily 

result in improved disintegration or dissolution, as 

higher compression forces may reduce porosity 

and restrict liquid penetration. Weight and content 

uniformity depend on powder flow, particle-size 

distribution, density differences, segregation 

tendency, blending, and die filling. Therefore, 

MCC should be evaluated as part of the complete 

formulation, considering material attributes, 

formulation variables, and process conditions to 

achieve consistent tablet quality and robust 

manufacturing performance [40]. 

Research Gaps and Future Perspectives 

Despite the extensive use of microcrystalline 

cellulose (MCC) in pharmaceutical 

manufacturing, several research gaps remain. A 

deeper understanding of the relationships between 

MCC material attributes and tablet performance is 

needed across different grades, suppliers, and 

manufacturing processes. Although particle size, 

moisture content, density, porosity, and 

morphology influence tabletability, their relative 

effects may vary with formulation and processing 

conditions. Standardized functional 

characterization of MCC, including powder flow, 

deformation, compaction, and tabletability, could 

support rational grade selection and improve 

formulation consistency. Lubricant sensitivity also 

warrants further investigation because interactions 

among MCC, lubricant type and concentration, 

blending conditions, and compression parameters 

can significantly affect tabletability and 

mechanical strength. 

MCC-based co-processed excipients represent an 

important area for future development. Rational 

particle engineering should establish relationships 

between processing conditions, particle structure, 

material attributes, deformation behavior, and 

tablet performance rather than relying primarily on 

empirical screening. Furthermore, the increasing 

adoption of continuous manufacturing requires 

consistent powder flow, feeding behavior, and 

material performance, highlighting the need for 

improved functional characterization and real-time 

monitoring of MCC-containing formulations. 

Mechanistic modeling, multivariate analysis, 

machine learning, and artificial intelligence offer 

promising approaches for predicting relationships 

among material attributes, formulation 

composition, process parameters, and tablet 

quality. Integration of these tools with advanced 

experimental characterization could improve 

excipient selection, reduce formulation-

development effort, and support robust and 

predictable direct-compression manufacturing. 

Future research should therefore integrate material 

science, advanced characterization, process 

monitoring, and predictive modeling to optimize 

MCC functionality and expand its applications in 

modern tablet manufacturing. 
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Table 5. Current Challenges and Future Opportunities for MCC in Direct Compression 

Current Challenge Effect on Formulation Future Opportunity 

MCC grade/ source variability Variable functionality Advanced material characterization 

Lubricant sensitivity Reduced tabletability Optimized lubrication strategies 

API–MCC interaction Variable flow and compaction Predictive compatibility assessment 

Co-processed excipients Complex structure–function 

relationships 

Rational excipient engineering 

Continuous manufacturing Need for consistent powder 

behavior 

Real-time material monitoring 

Limited predictive models Empirical formulation development Mechanistic and data-driven models 

CONCLUSION 

Microcrystalline cellulose (MCC) remains an 

important pharmaceutical excipient for direct-

compression tableting because of its excellent 

compactibility, tabletability, dry-binding capacity, 

and plastic deformation behavior. Its performance 

is influenced by material attributes such as particle 

size, morphology, density, porosity, moisture 

content, crystallinity, surface characteristics, 

grade, and manufacturing conditions. Therefore, 

rational MCC selection should consider both 

compendial quality and functional material 

attributes. Understanding the relationships among 

MCC properties, powder behavior, deformation, 

compression, lubrication, and tablet quality is 

essential for developing robust direct-compression 

formulations. MCC-based co-processed excipients 

offer opportunities to improve powder flow, 

compaction, and formulation versatility. 

Advanced material characterization and predictive 

approaches may further improve understanding of 

structure–function relationships and support more 

reliable excipient selection. Continuous 

manufacturing and data-driven formulation 

development also represent promising future 

directions. Overall, adopting a material-to-

performance approach can enhance formulation 

robustness, manufacturing consistency, and 

pharmaceutical development and innovation, 

supporting the effective application of MCC in 

modern direct-compression tablet manufacturing 

across diverse pharmaceutical formulation and 

manufacturing requirements in modern practice. 
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