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INTRODUCTION 
 

Cellulose is one of the organic compounds that are widely 
available in nature and produced by plants in large 
quantities. Cellulose is a sustainable, abundant and 
naturally occurring biopolymer derived from biomass
(Kian et al, 2017). Cellulose is usually a complex 
component found in the structure of plant tissues. 
Cellulose is a natural long-chain polymer that has many 
benefits, especially for humans. These polymers have 
versatile uses in many industries such as pet food, wood 
and paper, fiber and clothing, cosmetics and the 
pharmaceutical industry as excipients (Shokri & Adibkia, 
2013). Cellulose is a classical example of a renewable and 
biodegradable structural plant polymer which can be 
processed into whisker-like micro fibrils (Abraham 
2011; Eichhorn, 2011).It is a linear homopolymer of 
glucose (C6H10O5)n with repeating units consisting of d
glucose in a 4C1 conformation, which is insoluble in water 
but degradable by microbial and fungal enzymes (Li 
2009). In nature, the cellulose molecular chains are 
biosynthesized and self-assembled into microfibrils, which 
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Cellulose is a sustainable, abundant and naturally occurring
from biomass. Microcrystalline cellulose (MCC) is increasingly considered as an 
important derivative from cellulose in the context of
hydrolysis, cellulose can be converted to microcrystalline cellulose,
been used especially in food, cosmetics, and medical industries as a
retainer, a suspension stabilizer, a flow characteristics controllers in
used for final products, and as reinforcing agent for final products such as 
medical tablets. Attributes like strength, fibrous nature, stiffness, crystallinity, 
lightness, biodegradability, water insolubility and renew
attractive for applications in diverse industrial fields. Microcrystalline cellulose 
has enjoyed extensive usage in pharmaceutical industry because of its numerous 
derivatives which are multifunctional excipients in drug formulations, for 
example as a binder/diluent, lubricant and disintegration in oral tablet and 
capsule formulations. The growing nature of pharmaceutical industry and 
abundant availability of agricultural waste has motivated vario
examine those waste as alternative source of ce
MCC, besides the cotton and wood materials currently being used. Furthermore, 
they search function of MCC obtained from the material to evaluate its 
usefulness as a tablet excipient. 
 

 

 
 
 
 

      

Cellulose is one of the organic compounds that are widely 
nature and produced by plants in large 

Cellulose is a sustainable, abundant and 
biopolymer derived from biomass 
. Cellulose is usually a complex 

und in the structure of plant tissues. 
chain polymer that has many 

benefits, especially for humans. These polymers have 
versatile uses in many industries such as pet food, wood 
and paper, fiber and clothing, cosmetics and the 

(Shokri & Adibkia, 
. Cellulose is a classical example of a renewable and 

biodegradable structural plant polymer which can be 
like micro fibrils (Abraham et al., 
It is a linear homopolymer of 

)n with repeating units consisting of d-
C1 conformation, which is insoluble in water 

but degradable by microbial and fungal enzymes (Li et al., 
2009). In nature, the cellulose molecular chains are 

assembled into microfibrils, which 

are composed of crystalline and amorphous domains 
(Fernandes et al., 2011; Nishiyama, 2009). 
compounds are widely used in the
types of drugs such as for extended and delayed release of 
coated dosage forms, extended and controlled release 
matrices, osmotic drug delivery systems, bioadhesives and 
mucoadhesives, compression tablets as compressibility 
enhancers, liquid dosage forms as agents thickening and 
stabilizers, granules and tablets as binders, semisolid 
preparations such as gelling agents and many other 
applications (Shokri & Adibkia, 2013)
 

Pure cellulose is available in various for
pharmaceutical characteristics. The difference between 
various cellulose forms is related to the shape, size and 
degree of crystallinity of the particles (fibrous or 
agglomerated). Microcrystalline cellulose (MCC) is a 
cellulose that is widely used in the pharmaceutical 
industry (Shokri &Adibkia, 2013)
physical characteristics, it has been used in the cosmetics, 
plastics, food, and pharmaceutical industries 
1996). The mechanical properties of MCC are strongly 
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Cellulose is a sustainable, abundant and naturally occurring biopolymer derived 
. Microcrystalline cellulose (MCC) is increasingly considered as an 

important derivative from cellulose in the context of its potential. Through acid 
hydrolysis, cellulose can be converted to microcrystalline cellulose, which has 
been used especially in food, cosmetics, and medical industries as a water-
retainer, a suspension stabilizer, a flow characteristics controllers in the systems 
used for final products, and as reinforcing agent for final products such as 
medical tablets. Attributes like strength, fibrous nature, stiffness, crystallinity, 
lightness, biodegradability, water insolubility and renew alibility make MCC 

active for applications in diverse industrial fields. Microcrystalline cellulose 
has enjoyed extensive usage in pharmaceutical industry because of its numerous 
derivatives which are multifunctional excipients in drug formulations, for 

iluent, lubricant and disintegration in oral tablet and 
. The growing nature of pharmaceutical industry and 

abundant availability of agricultural waste has motivated various researchers to 
waste as alternative source of cellulose for the production of 

MCC, besides the cotton and wood materials currently being used. Furthermore, 
they search function of MCC obtained from the material to evaluate its 

are composed of crystalline and amorphous domains 
., 2011; Nishiyama, 2009). Currently these 

compounds are widely used in the formulation of various 
types of drugs such as for extended and delayed release of 
coated dosage forms, extended and controlled release 
matrices, osmotic drug delivery systems, bioadhesives and 
mucoadhesives, compression tablets as compressibility 

s, liquid dosage forms as agents thickening and 
stabilizers, granules and tablets as binders, semisolid 
preparations such as gelling agents and many other 

(Shokri & Adibkia, 2013).  

Pure cellulose is available in various forms with different 
pharmaceutical characteristics. The difference between 
various cellulose forms is related to the shape, size and 
degree of crystallinity of the particles (fibrous or 
agglomerated). Microcrystalline cellulose (MCC) is a 

idely used in the pharmaceutical 
(Shokri &Adibkia, 2013). Because of its unique 

physical characteristics, it has been used in the cosmetics, 
plastics, food, and pharmaceutical industries (Tang et al., 

The mechanical properties of MCC are strongly 
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influenced by the level of crystallization and particle size. 
In recent years, new grades of MCC have been found that 
are prepared with better pharmaceutical characteristics 
such as silicified MCC (SMCC) and second generation 
MCC or MCC type II (MCC-II). These values are 
prepared by coprocessing cellulose with other substances 
such as colloidal silicon dioxide or special chemical 
procedures. Other types of pure cellulose available are 
powdered cellulose(PC) and low crystallinity powdered 
cellulose(LCPC) (Shokri & Adibkia, 2013). 
Microcrystalline cellulose has enjoyed extensive usage in 
pharmaceutical industry because of its numerous 
derivatives which are multifunctional excipients in drug 
formulations. The growing nature of pharmaceutical 
industry and abundant availability of agricultural waste 
has motivated various researchers to examine those waste 
as alternative source of cellulose for the production of 
MCC, besides the cotton and wood materials currently 
being used(Olugbenga, Labunmi, & Bodunde, 2014). 
 

Microcrystallin Cellulose 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Microcrystalline cellulose was first registered in the 
supplement to the National Formulary, twelfth edition, in 
1966 (Suzuki & Nakagami, 1999). More than 50 years 
later, MCC is manufactured globally by more than 10 
suppliers(Thoorens et al, 2014). Microcrystalline cellulose 
is known as the best excipient for direct compression 
tablets. It was introduced for a long time until now 
pharmaceutical products are still using MCC (Doelker, 
Mordier, Iten, & Humbert-Droz, 1987). Microcrystalline 
cellulose (MCC) is a widely used flowability aid and 
diluent that can be pre-granulated or directly compacted 
(Levis et al, 2001). In compounded medicines, powdered 
cellulose and microcrystalline cellulose are used as an 
adsorbent, a suspending agent, a capsule diluent (5-30% 
and 20-90%, respectively). Powdered cellulose is also 
used as a thickening agent (Marques-marinho & Vianna-
soares, 2013).  

 

MCC is highly hygroscopic (Raijada et al, 2013; Sun, 
2005). MCC is a purified, partially depolymerized 
cellulose prepared by treating high-quality cellulose with 
hydrochloric acid to the point of leveling off the degree of 
polymerization (LODP) (Tang et al., 1996). MCC is a 
purified form of subunits of poly-β-cellobiose derived 
from cellulose by acid hydrolysis of cotton or wood pulp, 
it occurs as a fine, white, odorless, crystalline powder. It 
consists of free-flowing, nonfibrous particles that may be 
compressed into self-binding tablets (Tang et al., 1996; 
Wang, Shang, Song, & Lee, 2010). MCC is insoluble in 
water, in dilute acids and alkali, and in common organic 

solvents (Tang et al., 1996). Besides cotton and wood 
pulp, attempts have also been made to produce MCC from 
other sources such as newsprint waste, viscose rayon, 
hosiery waste, bamboo, as well as from agricultural 
residues including ramie, bagasse, rice straw, cotton 
stalks, and soybean husk and sisal fibers(B.G et al, 1982; 
O.A Battista & P.A Smith, 1962; S.M Anand & J.S 
Chawla, 1981; G.E. Reier & R.F. Shangraw, 1966; Wang 
et al., 2010; Bhimte & Tayade, 2007). Several studies also 
find kenafbast and core fibers, roselle, wood, sisal, flax, 
hemp, jute, oil palm, could be used for the preparation of 
MCC using HCl (Wang et al., 2010) 
 
Specification of Microcrystallin Cellulose 
 

Various MCC grades have different basic properties 
including particle size, morphology, porosity, surface area, 
and density (Rojas & Kumar, 2011; Shokri & Adibkia, 
2013). The particle size of MCC varies from 20 to 270 
micrometers based on the manufacturer and type of 
application. MCC is available in three public brand names 
including Avicel® (FMC BioPolymer), VIVAPUR® / 
EMCOCEL® (JRSPharma) and TABULOSE® (Blanver). 
Various levels of Avicel® with varying particle sizes 
commercially available are shown in the table 1 (Colorcon 
official website) (Shokri & Adibkia, 2013): 
 

Table 1 Levels of Avicel® with varying particle sizes 
 

Brand MCC grade 
Particle 

size 
Application 

Avicel® 

DG 45 Roller compaction 
PH-101 50 Wet granulation 
PH-102 100 

Direct compression 
HFE-102 100 

PH-105 50 
Superior 

compactability 
PH-102 SCG 150 

Superior Flowability 
PH-200 180 
PH-301 50 

High Density 
PH-302 100 
PH-103 50 

Low Humidity 
PH-113 50 
PH-112 100 

PH-200LM 180 

CE-15 75 
Mouthfeel 

improvement 
 

Preparation of Microcrystallin Cellulose 
 

There are several method that can be used in MCC 
preparation, and one of the methods used by Bhimte et al, 
2007 in his research on MCC preparation from Sisal 
fibers. Sisal fibers were extracted with a boiled 
ethanolbenzene mixture for 6 to 8 hours, so that the 
siphoning from the extractor was not less than 4 times per 
hour. After extraction with the ethanol-benzene mixture, 
the excess solvent was removed by suction, and the 
thimble as well as the material in it was washed with 
ethanol to remove traces of benzene. The sisal fibers were 
extracted again with 95% ethanol for 4 hours until the 
alcohol siphoned was colorless. The sample from the 
thimble was transferred to a Buchner funnel, and the 
excess solvent was removed by suction. The material was 
washed several times with distilled water to remove traces 
of ethanol. The sample was finally allowed to air dry 
thoroughly. The proximate analysis of this material gave 
the following results: ash content (0.25%), α-cellulose 
(93.00%), lignin (0.06%), and moisture content (5.95%) 

 
 

Microcrystallin Cellulose Structure 
 

(Rowe et al, 2009). 
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by weight. This material was washed several times with 
distilled water until it became acid free, and then was 
kiered in an autoclave using a solid:liquor ratio of 1:20 
with 2% sodium hydroxide solution for 3 hours. The 
resultant product was washed thoroughly with water 
followed by 0.1% acetic acid. The pulp thus obtained was 
bleached with sodium chlorite (NaClO2) and buffer 
solution to get a maximum brightness. This material was 
then treated with 0.3% sodium metabisulphite for 45 
minutes to remove chlorine from pulp. This bleached pulp 
was then treated with 17.5% sodium hydroxide solution 
with constant stirring for 90 minutes to get pure α-
cellulose. The α-cellulose thus obtained was hydrolyzed 
by 2 N HCl, keeping the solid:liquor ratio of 1:20 and 
refluxing at 105ºC ± 2ºC for 15 minutes. After hydrolysis, 
the material was washed thoroughly with water and then 
treated with 1% ammonium hydroxide solution followed 
by washing with distilled water, and then air dried. This 
final material was MCC, obtained as dried cake, which 
was powdered and stored until further evaluation (Bhimte 
& Tayade, 2007). 
 

Another method described by Chuayjuljit et al. (2010) in 
their study MCC was isolated from OPEFB (oil palm 
empty fruit bunch)-pulp. OPEFB-pulp was hydrolyzed 
with 2.5 N HCl at 105◦C±2◦C for 30 min with constant 
agitation in the ratio of 1:20 pulp over liquor. The reaction 
mixture was then filtered at room temperature, and 
washed repeatedly with distilled water. Following this 5% 
diluted NH4OH was used to wash the mixture. Finally, 
distilled water was used to rinse the mixture until it was 
free from acid. The MCC obtained from OPEFB-pulp was 
then dried in a vacuum oven at 105◦C until constant 
weight was achieved. The resultant MCC was ground into 
a fine powder by using rotary ball mill. The OPEFB-MCC 
after washing and drying was snowy-white in appearance 
(Haafiz et al, 2013). 
 

The protocol for extraction of MCC was that of 
Bhattacharya et al. with some modifications. They report 
the preparation of MCC from the fodder grass, S. glauca 
(L) P. Beauv, a common grass species. The grass samples 
were first cut into small pieces and then washed 
thoroughly with water before drying them at room 
temperature. The dried samples were treated with NaOH 
(4%) and boiled at 80 ◦C in water bath for 4 h. The 
samples were washed with water until neutral pH and then 
bleached with a solution of sodium hypochlorite and 
hydrogen peroxide in 1:1 ratio for 40 min at 100 ◦C. The 
samples were rewashed with water until neutral pH 
yielding the _-cellulose fibers. For extraction of MCC, 10 
g of the α-cellulose was acid hydrolyzed using HCl (2.5 
N) at 100◦C for 30 min. The extracted MCC was washed 
thoroughly with water for complete removal of HCl(Kalita 
et al, 2013). 
 

In Kian L, et al study, microcrystalline cellulose (MCC) 
was extracted from roselle fiber through acid hydrolysis 
treatment.First, preparation bleaching treatment was 
conducted with a 10.0% (w/v) sodium hypochlorite 
(NaCIO) solution for 1 h at 70-80◦C. A ratio of fiber to 
NaClO of 1:60 (g/ml−1) was used and the solution was 
acidified with acetic acid until pH 4 was reached. The 
bleached fiber was filtered and washed with distilled 

water. The process was repeated twice to obtain a white-
yellowish colour of the fiber. The bleached fiber was then 
dried in an oven at 60◦C for 24 h. Then, the bleached fiber 
was treated with an 8.0% (w/v) sodium hydroxide (NaOH) 
solution for 30 min at room temperature at a fiber to 
NaOH solution ratio of 1:50 (g/ml−1). The alkali treated 
bleached pulp was filtrated, washed and dried in an oven 
at 60◦C for 24 h. After that, the pulpthus obtained 
(denoted as R-pulp) was hydrolyzed with 2.5 
mol/Lhydrochloric acid at 85◦C for 30 min [23,28] with a 
solid to liquor ratio of 1:30 (g/ml−1). Hydrolysis was 
conducted under agitation at constant stirring speed. The 
hydrolysis product was cooled at ambient temperature. 
Filtration and washing were then conducted with distilled 
water until pH 7 was reached. The obtained MCC was 
dried in a vacuum oven at 70-80◦C for 5 h to constant 
weigh(Kian et al., 2017). 
 

Study of MCC preparation from ramie fiber has also been 
carried out and explained by Umar (2011), the first 
procedur is pra-hydrolysis boiling ramie fiber using 0.1N 
acetic acid with volume 1:20 as long one hour at 105oC. 
Then residue separated from the solvent in a way 
extortion. The isolation stage continued with alkaline 
heating using Sodium 25% b/v hydroxide at 1050C and 
boiled for one hour. The obtained pulp is repeatedly 
washed. Then, bleaching treatment was conducted with  a 
NaClO solution with ratio of 1: 8 for 15-20 minutes. Then 
dried in an oven 50ºC for 12-24 hours. The pulses 
obtained referred to as α-cellulose (Umar, 2011). Then, α-
cellulose is soaked in HCl solution 2.5 N at 105oC for 15 
minutes. Then washed with distilled water until the pH is 
neutral, then dried use spray drying at 150oC (Rowe, 
2009; Widia et al, 2018). 
 

Characterization 
 

There are many different techniques are available to 
characterize the MCC such as infrared spectroscopy 
(FTIR), thermogravimetric analysis (TGA), X-ray 
diffraction (XRD), differential scanning calorimetry 
(DSC), differential thermal analysis (DTA), atomic force 
spectroscopy (AFM), nuclear magnetic resonance (NMR), 
transmission electron microscopy (TEM), and scanning 
electron microscopy (SEM) 
 

Application of Microcrystallin Cellulose as a Tablet 
Excipient 
 

Tablets are the most frequent dosage form due to their 
advantages, for example, availability, easy administration, 
good stability, and low price. The easiest technology of 
production is still direct compression (DC), but this 
method requires overcoming many complications. These 
mostly include a problematic content and mass uniformity 
and low mechanical resistance (Vodáckova et al., 2018). 
Microcrystalline cellulose (MCC) is one of the most 
compressibility enhancers that widely used in direct 
compression as well as wet granulation techniques for 
preparing various types of tablets, pellets and pills (Shokri 
& Adibkia, 2013). 
 

The importance of MCC as a versatile excipient in the 
drug research has been highlighted (Saigal, 2010; Kalita et 
al., 2013). Microcrystalline cellulose is widely used in 
pharmaceuticals, primarily as a binder/diluent in oral 
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tablet and capsule formulations where it is used in both 
wet-granulation and direct-compression processes. In 
addition to its use as a binder/diluent, microcrystalline 
cellulose also has some lubricant and disintegrant 
properties that make it useful in tableting (Rowe et al, 
2009). 
 
 
 
 
 
 
 
 
 

Microcrystallin Cellulose as Filler/ Diluent 
 

Cellulose and related polymers are commonly used in 
solid dosage forms like tablets and capsules as filler. 
Cellulose and its derivatives have many advantages in 
using as filler in solid pharmaceuticals such as their 
compatibility with the most of other excipients, 
pharmacologically inert nature and indigestibility by 
human gastrointestinal enzymes. Various forms of pure 
cellulose and cellulose ether derivatives can be used as 
filler in these formulations (Shokri & Adibkia, 2013). 
 

MCC is considered as one of the best and most useful 
fillers because of its excellent compactibility at low 
pressures, superior disintegration properties and also high 
dilution potential. The chemical inertness of MCC and its 
compatibility with most drugs make MCC a highly sought 
after pharmaceutical agen (M Jivraj et al, 2000). 
 

Microcrystallin Cellulose as binder 
 

Binders are the essential components of solid drug 
formulations made by wet granulation process. In wet 
granulation process, drug substance is combined with 
other excipients and processed with the use of a solvent 
(aqueous or organic) with subsequent drying and milling 
to produce granules. A number of MCC grades such as 
PH-101 are widely used as binder in wet granulation. 
Other cellulose derivatives such as MC, HPMC and HPC 
have good binding properties in wet granulation (Desai et 
al., 2006; Wan & Prasad, 1988). 
 

CONCLUSION 
 

Microcrystalline cellulose (MCC) is most common 
excipient used for tableting in pharmaceutical industries. 
Microcrystalline cellulose is purified depolyemerised 
cellulose, Obtained as pulp from plants, cotton and wood 
pulp, attempts have also been made to produce MCC from 
other sources such as newsprint waste, viscose rayon, 
hosiery waste, bamboo, as well as from agricultural 
residues including ramie, bagasse, rice straw, cotton 
stalks, and soybean husk and sisal fibers, kenafbast, 
roselle, wood, sisal, flax, hemp, jute, and oil palm. 
Microcrystalline cellulose is prepared by hydrolysis of 
wood pulp with dilute mineral acid, washed up to 
neutralized condition with water, filtered and dried with 
spray dryer. Microcrystalline cellulose is widely used in 
pharmaceuticals, primarily as a binder/diluent in oral 
tablet and capsule formulations. In addition to its use as a 
binder/diluent, microcrystalline cellulose also has some 

lubricant and disintegrant properties that make it useful in 
tableting. 
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