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Abstract Direct compression is the preferred method
for the preparation of tablets. The present review out-
lines the importance of the functionality of the directly
compressible adjuvants in the formulation of tablets.
The co-processing is the most widely explored method
for the preparation of directly compressible adjuvants
because it is cost effective and can be prepared in-house
based on the functionality required. Hence, the present
review focuses on the properties of the co-processed
directly compressible adjuvants available in the mar-
ket. 

INTRODUCTION

Over the past hundred years tablet manufacturers have
developed materials and processes that can produce
compressed tablets containing a precise amount of an
active pharmaceutical ingredient (API) at high speed
and at relatively low cost. The development in the field
of APIs, excipients and tableting machines during the
past decades has made tablet manufacturing a science
and the tablets the most commonly used dosage form
(1, 2). The ease of manufacturing, convenience in
administration, accurate dosing, and stability com-
pared to oral liquids, tamper-proofness compared to
capsules, safe compared to parental dosage forms
makes it a popular and versatile dosage form. Experts
in the art of tableting are aware with the basic art of
tableting by the three well-known methods, i.e. wet
granulation, roller compaction and direct compression.
The pros and cons of wet granulation and roller com-
paction are well documented in the literature (3, 4, 5).

Prior to the late 1950s, the literature contained few ref-
erences on the direct compression of pharmaceuticals.
A great deal of attention has been given to both prod-
uct and process development in the recent years. The

availability of new materials, new forms of old materi-
als and the invention of new machinery has allowed
the production of tablets by simplified and reliable
methods (1). In early 1960’s, the introduction of spray-
dried lactose (1960) and Avicel (1964) had changed the
tablet manufacturing process and opened avenues of
direct compression tableting. 

Shangraw (6) conducted a survey of 58 products in
United States of America for the preference for the
granulation process. The results were in favour of
direct compression. Of the five processes listed in the
survey, the average score (1.0 being the perfect score)
for direct compression was 1.5 compared to wet mass-
ing and fluid bed drying (2.0), wet massing and tray
drying (2.5), all-in-one (3.3) and roller compaction
(3.6). About 41% of the companies   indicated that
direct compression was the method of choice, and
41.1% indicated that they used both direct compres-
sion and wet granulation. Only 1.7% of the respon-
dents indicated that they never used direct
compression and 15.5% indicated that the process was
not recommended. 

Previously, the word “direct compression” was used to
identify the compression of a single crystalline com-
pound (i.e. sodium chloride, potassium chloride, potas-
sium bromide, etc.) into a compact form without the
addition of other substances.

Current usage of the term “direct compression” is used
to define the process by which tablets are compressed
directly from the powder blends of active ingredient/s
and suitable excipients. No pre-treatment of the pow-
der blends by wet or dry granulation is involved (5).
The simplicity of the direct compression process is
apparent from a comparison of the steps involved in
the manufacture of tablets by wet granulation, roller
compaction and direct compression techniques (4) (See
Table 1). It has been estimated that less than 20 percent
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of pharmaceutical materials can be compressed directly
into tablets (4). The rest of the materials lack flow,
cohesion or lubricating properties necessary for the
production of tablets by direct compression. The use
of directly compressible adjuvants may yield satisfac-
tory tablets for such materials. 

Table 1: Comparison of major steps involved in the

granulation methods.

Directly compressible adjuvants

The International Pharmaceutical Excipients Council
(IPEC) defines excipient as “Substances, other than the
API in finished dosage form, which have been appro-
priately evaluated for safety and are included in a drug
delivery system to either aid the processing or to aid
manufacture, protect, support, enhance stability, bio-
availability or patient acceptability, assist in product
identification, or enhance any other attributes of the
overall safety and effectiveness of the drug delivery sys-
tem during storage or use” (7). Solvents used for the
production of a dosage form but not contained in the
final product are considered to be excipients, i.e. the
granulation fluids, which might be dried off later,
should comply with relevant requirements of pharma-
copoeia unless adequately justified (7). Excipients no
longer maintain the initial concept of “inactive sup-
port” because of the influence they have both over
biopharmaceutical aspects and technological factors.
The desired activity, the excipients equivalent of the
active ingredient’s efficacy, is called its Functionality
(7). The inherent property of an excipient is its func-

tionality in the dosage form. Determination of an
excipient’s functionality is important to the excipient
manufacturer in its assessment of the proper level of
GMP, and yet the drug manufacturer may withhold
this information until well into the development pro-
cess (8).

In order to deliver a stable, uniform and effective drug
product, it is essential to know the properties of the
active ingredient alone and in combination with all
other ingredients based on the requirements of the dos-
age form and processes applied. Excipients are usually
produced by batch process; hence, there is a possibility
of batch-to-batch variation from the same manufac-
turer. Excipients obtained from the different sources
may not have identical properties with respect to use
in a specific formulation. To assure interchangeability
in such circumstances, users may wish to ascertain
equivalency in final performance or determine such
characteristics before use. Such tests are thus related to
the functionality, that the excipient impart to a specific
formulation (9). 

In order to manufacture any finished product with
consistent quality, standardization of raw materials in
the drug formulation is necessary for its acceptance by
regulatory authorities and pharmaceutical formulators.
Unfortunately, such performance standards have not
been included in pharmacopoeia primarily because
their specifications have always been based on chemi-
cal purity and because it is not possible to standardize
performance criteria (10). Pharmacopoeial standards
do not take into account particle characteristics or
powder properties, which determine functionality of
excipients (11).  

Control of functionality is important as a control of
identity and purity. The following reasons can be cited
(10):

1. Many excipients have multiple functions (e.g.
microcrystalline cellulose, starch).

2. There is lack of awareness that the excipients
behave differently, depending upon the vendor
(i.e. microcrystalline cellulose). 

As a consequence, excipients with optimal functional-
ity are needed to ensure smooth tablet production on
modern machines (11). The introduction of special
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force feeder to improve flow of granules from hopper
marked a significant advancement in direct compres-
sion technology (4). 

Ideal requirements of directly compressible adjuvants 

The directly compressible adjuvant should be free
flowing. Flowability is required in case of high-speed
rotary tablet machines, in order to ensure homogenous
and rapid flow of powder for uniform die filling. Dur-
ing the short dwell-time (milliseconds), the required
amount of powder blend should be transferred into the
die cavities with reproducibility of + 5%. Many com-
mon manufacturing problems are attributed to incor-
rect powder flow, including non-uniformity in
blending, under or over dosage and inaccurate filling
(14). 

Compressibility is required for satisfactory tableting,
i.e., the mass must remain in the compact form once
the compression force is removed. Few excipients can
be compressed directly without elastic recovery.
Hence, the directly compressible diluent should have
good compressibility, i.e. relation between compaction
pressure and volume (3, 4). 

Dilution potential can be defined as the amount of an
active ingredient that can be satisfactorily compressed
in to tablets with the given directly compressible excip-
ient. A directly compressible adjuvant should have
high dilution potential so that the final dosage form
has a minimum possible weight. The dilution potential
is influenced by the compressibility of the active phar-
maceutical ingredient.  A directly compressible adju-
vant should be capable of being reworked without loss
of flow or compressibility. On recompression, the
adjuvant should exhibit satisfactory tableting charac-
teristics. The adjuvant should remain unchanged chem-
ically and physically. The directly compressible
adjuvant should not exhibit any physical or chemical
change on ageing and should be stable to air, moisture
and heat.

A directly compressible adjuvant should have a particle
size equivalent to the active ingredients present in the
formulation (12). The particle size distribution should
be consistent from batch to batch. Reproducible parti-
cle size distribution is necessary to achieve uniform
blending with the active ingredient(s) in order to avoid

segregation.

Filler-binders should not accelerate the chemical and/
or physical degradation of the API(s) or excipients (12).
It should not interfere with the biological availability
of active ingredient/s (13). It should be compatible
with all the adjuvants present in the formulation. It
should be physiologically inert (5).  It should not inter-
fere with the disintegration or dissolution of the active
ingredient. It should be colourless and tasteless. It
should be relatively cost effective and available in
desired time. It should accept colorants uniformly. It
should show low lubricant sensitivity. It should show
batch-to-batch reproducibility of physical and physico-
mechanical properties. It should possess proper mouth
fill, which is defined as the feel or the sensation in the
mouth, produced when the excipient is used in chew-
able tablets (13). The pros and cons with reference to
direct compression are discussed in following section
and brief description is given in Table 2.  

Table 2: Ideal requirements, advantages and limitations

of direct compression.

ADVANTAGES OF DIRECT COMPRESSION 

The prime advantage of direct compression over wet
granulation is economic since the direct compression
requires fewer unit operations. This means less equip-
ment, lower power consumption, less space, less time
and less labor leading to reduced production cost of
tablets. Direct compression is more suitable for mois-
ture and heat sensitive APIs, since it eliminates wetting
and drying steps and increases the stability of active
ingredients by reducing detrimental effects. Changes in
dissolution profiles are less likely to occur in tablets
made by direct compression on storage than in those
made from granulations (5). This is extremely impor-
tant because the official compendium now requires dis-
solution specifications in most solid dosage forms (10). 

Disintegration or dissolution is the rate-limiting step in
absorption in the case of tablets of poorly soluble API
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prepared by wet granulation. The tablets prepared by
direct compression disintegrate into API particles
instead of granules that directly come into contact
with dissolution fluid and exhibits comparatively faster
dissolution. The high compaction pressure involved in
the production of tablets by slugging or roller compac-
tion can be avoided by adopting direct compression.
The chances of wear and tear of punches and dies are
less. Materials are "in process" for a shorter period of
time, resulting in less chance for contamination or
cross contamination, and making it easier to meet the
requirement of current good manufacturing practices
(15). Due to fewer unit operations, the validation and
documentation requirements are reduced. Due to the
absence of water in granulation, chance of microbial
growth is minimal in tablets prepared by direct com-
pression (16). 

Limitations of direct compression

Direct compression is more prone to segregation due
to the difference in density of the API and excipients
(15). The dry state of the material during mixing may
induce static charge and lead to segregation. This may
lead to the problems like weight variation and content
uniformity. Directly compressible excipients are the
speciality products produced by patented spray drying,
fluid bed drying, roller drying or co-crystallization.
Hence, the products are relatively costly than the
respective raw materials. Most of the directly com-
pressible materials can accommodate only 30-40 % of
the poorly compressible active ingredients like ace-
taminophen that means the weight of the final tablet to
deliver the 500 mg of acetaminophen would be more
than 1300 mg. The large tablets may create difficulty in
swallowing.

All the spray-dried directly compressible adjuvants

show poor reworkability since on preparation of tablets

the original spherical nature of the excipient particles is

lost. API that has poor flow properties and/or low bulk

density is difficult to process by direct compression.

Lubricants have a more adverse effect on the filler,

which exhibit almost no fracture or shear on compres-

sion (e.g. starch 1500). The softening effects as well as

the hydrophobic effect of alkaline stearates can be con-

trolled by optimising the length of blending time to as

little as 2-5 min (5).There is a lack of awareness in some

situations that the excipient behave differently, depend-

ing upon the vendor so much so that substitution from

one source to that of another is not possible (10). Hence,

there is a need for greater quality control in purchasing

of raw material to assure batch uniformity.

Methods of preparing directly compressible excipients

Directly compressible adjuvant can be prepared by var-
ious methods. The outline and main features of the
methods are depicted in Table 3 (11, 17, 18). Co-pro-
cessing is the one of the most widely explored and
commercially utilized method for the preparation of
directly compressible adjuvants. Hence, co-processing
is discussed in more depth in the present review.

Table 3: Summary of various methods used to prepare

directly compressible adjuvant (11, 17, 18).

Co-processing 

Co-processing is another way that new excipients are
coming to market without undergoing the rigorous
safety testing of a completely new chemical (19). It can
be defined as combining two or more established
excipients by an appropriate process (11). Co-process-
ing of excipients could lead to the formation of excipi-
ents with superior properties compared to the simple
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physical mixtures of their components. The main aim
of co-processing is to obtain a product with added
value related to the ratio of its functionality/price.
Development of co-processed directly compressible
adjuvant starts with the selection of the excipients to
be combined, their targeted proportion, selection of
preparation method to get optimized product with
desired physico-chemical parameters and it ends with
minimizing avoidance with batch-to-batch variations.
An excipient of reasonable price has to be combined
with the optimal amount of a functional material in
order to obtain integrated product, with superior func-
tionality than the simple mixture of components.

Co-processing is interesting because the products are
physically modified in a special way without altering
the chemical structure. A fixed and homogenous distri-
bution for the components is achieved by embedding
them within minigranules. Segregation is diminished
by adhesion of the actives on the porous particles mak-
ing process validation and in process control easy and
reliable (20).

The randomized embedding of the components in spe-
cial minigranules minimizes their anisotropic behav-
iour. So, deformation can occur along any plane and
multiple clean surfaces are formed during the compac-
tion process. Thus, the use of the co-processed excipi-
ent combines the advantages of wet granulation with
direct compression (20). The use of one-body compo-
nents is justified if it results in a potentiation of the
functionalities over that of the mere dry blend of the
components prepared by gravity mixture. This syner-
gistic effect should improve the quality of the tablet
equally in all aspects ranging from hardness to dissolu-
tion and/or stability. Excipient mixtures in co-process-
ing are produced to make use of the advantages of each
component and to overcome specific disadvantages, if
any. Most important characteristics are the binding
and blending properties of the co-processed excipients,
which must be better than those of a physical mixture
of the starting materials. Cost is another factor to be
considered in the selection of co-processed product.

Major limitation of co-processed excipient mixture is
that the ratio of the excipients in a mixture is fixed and
in developing a new formulation, a fixed ratio of the
excipients may not be an optimum choice for the API
and the dose per tablet under development (18). Co-

processed adjuvant lacks the official acceptance in
pharmacopoeia. For this reason, a combination filler-
binder will not be accepted by the pharmaceutical
industry until it exhibits significant advantages in the
tablet compaction when compared to the physical mix-
tures of the excipients. Although the spray-crystallized
dextrose-maltose (Emdex) and compressible sugar are
co-processed products, they are commonly considered
as single components and are official in USP/NF.
Table 4 shows examples of co-processed directly com-
pressible adjuvants.

Table 4: Co-processed directly compressible excipients

(4, 5, 11, 16, 18, 19, 20).

EXAMPLES OF DIRECTLY COMPRESSIBLE ADJUVANTS 

Lactose

It is one of the main constituents of human and mam-
malian milk. Lactose is produced from whey, as a by-
product of cheese and casein production. Lactose may
appear in different polymorphs depending on the crys-
tallization conditions. Each polymorph has its specific
properties. α-lactose monohydrate has very hard crys-
tals and is non-hygroscopic. Lactose is the most widely
used filler-diluent in tablets. The general properties of
lactose that contribute to its popularity as an excipient
are cost effectiveness, easy in the availability, bland
taste, low hygroscopicity, excellent physical and chem-
ical stability and water solubility (26). Lactose from
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different suppliers exhibits different properties and
therefore could not be treated as interchangeable in
direct compression formulations. The compaction pro-
file of the lactose samples depends on the machine
speed (27). Crystalline lactose mainly consolidates by
fragmentation and amorphous lactose by plastic defor-
mation. Tablets containing amorphous lactose show
high crushing strength with increasing water content
(28). Lactose based tablets exhibit better stability than
mannitol and cellulose containing tablets at 40° C and
90% RH over a 10 week period (29). The amorphous
lactose yields tablets of higher tensile strength than
crystalline lactose. Tensile strength increases with
reduced particle size (30). 

α-Lactose Monohydrate

Coarse sieved fraction of α-lactose monohydrate (100
mesh) is used in direct compression due to its flowabil-
ity. It contains about 5% w/w water. Compared to
other filler-binders, α-lactose monohydrate exhibits
relatively poor binding properties. It consolidates
mainly by fragmentation. It has higher brittleness com-
pared to spray-dried lactose and anhydrous β-lactose
(31). α-lactose monohydrate (100 mesh) is often com-
bined with microcrystalline cellulose. This combina-
tion results in a stronger synergistic effect on
disintegration time, whereas the crushing strength
increases as the percentage of microcrystalline cellulose
in the blend is increased. The strength of tablets com-
pressed from α-lactose monohydrate increases with a
decrease in particle size of the excipient (32).

Gohel et al. prepared and evaluated lactose based
directly compressible diluents. The preparation
method consisted of controlled freezing and thawing
of lactose solution. They concluded that the concentra-
tion of lactose and controlled nucleation are the most
important parameters. In another method, the satu-
rated solution of lactose was used for preparation of
free-flowing agglomerates of lactose, where the volume
of saturated lactose solution was found to be the most
significant processing parameter. The developed prod-
ucts exhibited satisfactory flowability and compress-
ibility essential for directly compressible diluent (33).
Gohel et al. attempted to improve the flow and com-
pressibility of lactose using a freeze-thaw method.
They tried three binders like polyethylene glycol 6000,
polyvinyl pyrrolidone and gelatin at 0.5, 1, 1.5, or 2%

concentration. The agglomerates containing 1% PEG
6000 exhibited good direct compression characteristics.
They compared its tableting performance with Micro-
celac using diclofenac sodium as a model drug candi-
date. The developed adjuvant exhibited satisfactory
flowability, compressibility, granular friability and
crushing strength of the tablets (34). Michoel reported
that the MicroceLac 100 has superior flow and binding
properties compared to three different lactose mixed
with microcrystalline cellulose. It also showed good
adhesion of folic acid particles, which could decrease
demixing and segregation. The improved characteris-
tics of co-processed material are attributed to spray
drying (35). Gohel and Jogani developed and evaluated
multifunctional co-processed directly compressible
adjuvant containing lactose, polyvinylpyrrolidone, and
croscarmellose sodium. This product has compara-
tively better flowability, compressibility and disinte-
gration of the tablets than lactose monohydrate (36). 

Anhydrous α-Lactose

Binding capacity of α-lactose monohydrate increases
dramatically by thermal or chemical dehydration.
During dehydration, α-lactose monohydrate changes
from single crystals into aggregates of anhydrous α-lac-
tose particles. The anhydrous crystals are softer,
weaker and less elastic. It undergoes brittle fracture
much more readily and at lower stresses than the lac-
tose monohydrate (37). The relative slow disintegra-
tion of tablets containing anhydrous lactose is the
major disadvantage (38). The anhydrous lactose exhib-
its lesser tendency for maillard reaction and better
reworkability without loss of compressibility than the
spray-dried lactose (39). 

Anhydrous β-Lactose

The commercial product consists of agglomerates of
extremely fine crystals. It is produced by roller drying
of solution of α-lactose monohydrate followed by sub-
sequent comminution and sieving (40). It has excellent
compaction properties and low lubricant sensitivity. It
exhibits less brittleness than the α-lactose monohy-
drate (31). Due to low moisture content, anhydrous β-
lactose is an ideal excipient for moisture sensitive APIs.
The anhydrous β-lactose is produced by crystallization
of lactose above 93°C by roller drying (41). It has rela-
tively better reworkability than other forms of lactose.
It has higher dissolution rate than a-lactose monohy-
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drate. It has solubility up to 10 times higher than the α-
lactose monohydrate. Below 55% RH, anhydrous lac-
tose with high b-content absorbs very small amount of
water and its compression properties were insignifi-
cantly affected (42). 

Spray-dried lactose

Spray-dried lactose is produced by spray drying the
slurry containing lactose crystals. The final product
contains mixture of crystals of lactose monohydrate
and spherical agglomerates of small crystals held
together by glass or amorphous material. The former
contributes fluidity and the latter gives the compress-
ibility to the product. It has excellent flow properties
and binding properties. It deforms plastically com-
pared to the same sized α-lactose monohydrate parti-
cles (32). Amorphous portion of the spray-dried lactose
is responsible for the better binding and plastic defor-
mation. Compressibility is affected if it is allowed to
dry below a level of 3% w/w moisture. Disintegrant is
required in the formulations containing spray-dried
lactose. The tablets require a lubricant, but the lubri-
cant does not affect binding. It has poor reworkability.
Spray-dried lactose discolours with certain API con-
taining an amine group.

Guncel and Lachman were the first to describe the
spray-dried lactose. They reported that the spray-dried
lactose produces harder, less friable tablets, which were
more susceptible to colour development following
storage at elevated temperature than the tablet contain-
ing conventional lactose (43). Tablets containing spray-
dried lactose exhibited increase in crushing strength
with decrease in the particle size. The spherical shaped
spray-dried lactose particles resulted in the strongest
tablets than the angular particles (44). The disintegra-
tion time of spray-dried lactose tablets was essentially
independent of compaction force (45). The spray-dried
lactose undergoes fragmentation (46). At low compac-
tion pressure, tablets containing amorphous lactose
disintegrated before gel or precipitate could block the
pores. At higher compaction pressure, gelling and pre-
cipitation dominated the disintegration time. The
lubricant present on the granules also influenced the
disintegration time (47). Spray-dried lactose exhibited
strong increase in disintegration time with increase in
compression force (48). 

Agglomerated Lactose

It is a granulated form of α-lactose monohydrate with
improved binding properties. Tablettose is an example
of agglomerated α-lactose demonstrates good flowabil-
ity. It has binding property better than the α-lactose
monohydrate but not as good as spray-dried lactose.
Bolhuis concluded that excellent compactibility of
Pharmatose DCL 15 (agglomerated lactose) was due to
the presence of more β-lactose, providing strong inter-
granular cohesion (49). 

CELLULOSE DERIVATIVES

Microcrystalline Cellulose

Microcrystalline cellulose (MCC) is purified partially
depolymerized cellulose, prepared by treating α-cellu-
lose with mineral acids. It is a white, crystalline pow-
der composed of agglomerated porous microfibers (17).
After purification by filtration and spray-drying,
porous microcrystal are obtained. Microcrystalline cel-
lulose occurs as a white odourless, tasteless crystalline
powder composed of porous particles of an agglomer-
ated product. Apart from its use in direct compression,
microcrystalline cellulose is used as a diluent in tablets
prepared by wet granulation, as filler in capsules and
for the production of spheres. In the pharmaceutical
market, microcrystalline cellulose is available under
the brand names Avicel, Emcocel, Vivacel etc.

Reier et al. reported that MCC tablets when exposed
to increased humidity (75 %, 1 week) resulted in a soft-
ening and swelling of plain microcrystalline cellulose
tablets. This change disappeared on removal of humid
condition (50). Microcrystalline cellulose products
exhibit capping tendencies at high compression speeds,
while dicalcium phosphate was highly resistant to cap-
ping. Dittgen reported no correlation between the
crystallinity and tableting properties of MCC obtained
from various suppliers (Hewenten 40 & 12, Vivacel
101 &102, Avicel PH 101 & 200 and Sanaq PH 101L &
102L). Authors also reported difficulty in obtaining
satisfactory tablets by direct compression using Sanaq
PH 101L & 102L and attributed this behavior to
higher bulk volume and poor compressibility (51). 

Lahdenpaa et al. demonstrated that the tablets contain-
ing higher percentage of Avicel PH101 exhibited
higher crushing strength and lower disintegration
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time, while the tablets containing Avicel PH102 and
PH 200 showed lower crushing strength, shorter disin-
tegration time and small weight variation (52). Avicel
PH 102 exhibited a much better fluidity because of its
more granular form (48). Larger particles of microcrys-
talline cellulose (PH 102, PH 302 and SMCC 90) had
better flowability and lubricity but lower compress-
ibility. Denser particles of microcrystalline cellulose
(PH 301 and PH 302) showed improved flowability,
reduced lubricity and reduced compressibility (53).
Obae et al. reported increase in the tensile strength of
the tablets with increase in the ratio of length to diam-
eter of particles. Celous KR 801 with more number of
rod shaped particles than Avicel PH 101 yielded tablets
with gave significantly higher tensile strength (54).
Hardness of MCC tablets was decreased with an
increase in the % of magnesium stearate while the dis-
integration time was unaffected by addition of lubri-
cant (55). The physical and tableting properties of
Emcocel are similar to those of Avicel (56). Paronen
reported that Avicel PH-101 undergoes plastic defor-
mation (46). Tsai and coworkers have prepared co-
dried mixture of MCC and β-cyclodextrin. Authors
demonstrated that the co-processed material exhibited
significant improvement in flowability and compress-
ibility than the physical blend of MCC and β-cyclodex-
trin (57). Garr demonstrated that incorporating up to
1% polyethylene to a mixture of 25% DCP and 75%
MCC gave the intact compacts at the relatively low
compaction force (58). Rues-Medina et al. reported that
the UicelR 102 is more elastic than Avicel PH102 due
to difference in the polymorphic form of microcrystal-
line cellulose present. The Uicel 102 is consists of cellu-
lose II lattice, while Avicel PH 102 contains cellulose I
polymorph (59). Levis evaluated co-processed microc-
rystalline cellulose - sodium lauryl sulphate prepared
by an ultrasonic homogenization process followed by
spray drying. The author concluded that the co-pro-
cessed excipients were inferior compared with microc-
rystalline cellulose in a tableting for paracetamol,
resulting largely from poor flow (60). Comparative
properties of various grades of Avicel are depicted in
Table 5.

Ishikawa et al. reported novel microcrystalline cellu-
lose (PH-M Series) for preparation of rapidly disinte-
grating tablet using by direct compression. Study
demonstrated that the acetaminophen or ascorbic acid
tablets containing novel microcrystalline cellulose

(PH-M Series; particle size, 7 - 32 micron) has
decreased sensation of roughness and rapidly disinte-
grated by saliva when taken orally compared to con-
ventional Avicel PH-102 (61). Garzo´n reported that
the co-processed mixture of microcrystalline cellulose
and calcium carbonate has compatibility equal or bet-
ter than pure microcrystalline cellulose and tensile
strength of the tablet decreased as the calcium carbon-
ate increased (62). Kothari et al., compared the powder
and mechanical properties of different batches of low
crystallinity powdered cellulose (LCPC) with those of
different grades of Avicel, Emcocel, Solka Floc BW-40
and Solka Floc BW-100 and concluded that the LCPC
materials reported by them have powder properties
that are quite different from the microcrystalline cellu-
lose and powdered cellulose and can be recommended
as a potential direct compression excipients (63). Hase-
gawa reported that the coarse grade microcrystalline
cellulose 12 gives better results in terms if weight varia-
tion and content uniformity than the classic grade 102
(64). 

Table 5: Comparative properties of various grades of

Avicel (5, 19, 36).

Hydroxypropylcellulose

Alvarez-Lorenzo reported that the difference in flow
and compaction properties, the mechanical and micro-
structural properties of the tablets prepared from vari-
ous grades of low-substituted hydroxypropylcelluloses
is attributed to difference in the specific surface (65).  
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Ethyl Cellulose

Crowley reported that the release rate of guaifenesin
from ethyl cellulose matrix tablets prepared by direct
compression was dependent on the ethyl cellulose par-
ticle size, and compaction force (66). 

SUGARS

Sucrose

Sucrose is widely used as filler in chewable tablets and
as a binder in wet granulation (18). Bowe et al reported
a co-processed sucrose based directly compressible
adjuvant containing 95% sucrose and 5% sorbitol.
Authors demonstrated that tablets with higher
strength, which disintegrates faster can be produced
using this material than tablets made with commer-
cially available directly compressible sugars. Recently,
directly compressible sugar is introduced by British
sugar. It is a free flowing, directly compressible sugar
comprising 95% icing sugar and 5% maltodextrin. It
confirms to British pharmacopoeia monograph for
compressible sugar.  

Di-Pac

Di-Pac is a directly compressible, co-crystallized sugar
consisting of 97% sucrose and 3% modified dextrin (5).
It is a free flowing, agglomerated product consisting of
hundreds of small sucrose crystals glued together by
the highly modified dextrin. At high moisture level,
Di-pac begins to cake and loose its fluidity. Tablets
containing a high proportion of Di-pac tend to harden
after compression at higher relative humidity. Its sweet
taste makes it suitable for most directly compressible
chewable tablets. 

Rizzuto et al., demonstrated that co-crystallized
sucrose and dextrin deformed readily by plastic frac-
ture to provide much harder compacts than those
obtained from sucrose crystals alone (67). 

Nu-Tab

Nu-Tab is a roller compacted granulated product con-
sisting of sucrose, invert sugar, cornstarch and magne-
sium stearate. It has better flowability due to relatively
larger particles but has poor colour stability compared
to other directly compressible sucrose and lactose. It is
primarily used for preparation of chewable tablets by
direct compression. 

Emdex and Maltrin 

Emdex is produced by hydrolysis of starch and consists
of aggregates of dextrose microcrystals intermixed and
cohered with a small quantity of higher molecular
weight sugars. Emdex occurs as white, free flowing,
porous spheres which are water soluble and non-
hygroscopic. Emdex is generally used in directly com-
pressible chewable tablets because of its sweet taste.  It
has good binding properties and slight lubricant sensi-
tivity. It exhibits high moisture sensitivity, at room
temperature and at 50% RH, the crushing strength of
tablets decreases dramatically, whereas during storage
at 85% RH tablets liquefy (68). Tablets containing
theophylline prepared using Emdex exhibited higher
mechanical strength, faster disintegration and rapid
drug release than the tablets prepared from Maltrin
M150 (69). 

Mannitol 

It is water soluble, non-hygroscopic and produces a
semi-sweet, smooth, cool taste. It can be advanta-
geously combined with other direct compression
excipients. Sangekar et al. reported mannitol as a best
sugar for chewable tablet formulation prepared by
direct compression out of twenty-four formulations of
placebo tablets, made from 8 excipients and 3 disinte-
grants (70). 

Starch

Mullick et al. reported that dextrinized rice, corn,
wheat and tapioca starches prepared by dextrinization
exhibited very good flow, compression properties and
disintegration qualities for direct compression tablet-
ing. Dextrinized tapioca starch was found to be the
best (71). Preflo starch exhibited high bulk density and
good flowability than starch 1500 and Star Tab as
directly compressible excipients. Preflo starch contain-
ing tablets exhibited prolonged disintegration time (30
min) than the Starch 1500 (3.5 min). Preflo cornstarch
formed harder tablets compared to Preflo potato starch
(72). The directly compressible starch (Starch 1500) is
relatively fluid, did not require a lubricating agent
when compressed alone, more effective as a dry binder
and gives equivalent or faster disintegration and disso-
lution compared to starch USP (73). Due to improved
flowability and compressibility pregelatinzed starch
can be used as a binder in direct compression (74).  
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Starch 1500

It is a directly compressible, free flowing, USP grade of
partially hydrolyzed cornstarch. It is prepared by sub-
jecting cornstarch to physical compression or shear
stress in high moisture conditions causing an increase
in temperature and a partial gelatinization of some of
the starch granules. The product is consists of about
5% free amylose, 15% amylopectin and 80% unmodi-
fied starch (18). It provides fair to good binding proper-
ties and dilution potential, but requires high pressures
to produce hard tablets. It also produces a dense tablet
with good disintegration properties. Starch 1500 exhib-
its self-lubricating property. It has poor flowability
compared to other directly compressible adjuvants and
shows higher lubricant sensitivity. It is also used as
filler in capsule formulation. Monedero Perales et al.
demonstrated that Starch 1500 exhibited better
flowability and lower binding property and plasticity
than the Sepistab 200 (75). Terfenadine tablets pre-
pared using rice starch (Era Tab) exhibited higher
crushing strength and lower friability than partially
pregelatinized starch, Super-Tab, Emcompress and
lower than Avicel PH 101 (76).

Uni-Pure is a fully gelatinized maize starch. It gives
tablets with strong binding properties and significantly
faster disintegration (74). Clausen reported co-pro-
cessed polymethacrylic acid-starch as a pH-sensitive
directly compressible excipient for controlled delivery
of model drugs amoxicillin and rifampicin (77). 

Maltose 

Advantose 100 is a spray-dried maltose having spheri-
cal particles with an optimal combination of fine and
coarse particles that contributes superior flow. Com-
pared to microcrystalline cellulose, spray dried maltose
can tolerate significantly greater compression force
without capping upon ejection from the tablet die; it
has low hygroscopicity and low reactivity than micro-
crystalline cellulose (25).    

Dicalcium Phosphate Dihydrate 

Dicalcium phosphate is the most common inorganic
salt used in direct compression as a filler-binder.
Advantage of using dicalcium phosphate in tablets for
vitamin and mineral supplement is the high calcium
and phosphorous content. Dicalcium phosphate dihy-
drate is slightly alkaline with a pH of 7.0 to 7.4, which

precludes its use with active ingredients that are sensi-
tive to even small amount of alkali (i.e. ascorbic acid).
It exhibits high fragmentation propensity.  Rees et al.,
studied time dependent deformation of few directly
compressible excipients. Authors reported that the
increase in dwell time had insignificant effect on dical-
cium phosphate dihydrate compacts whereas increase
in dwell time increased the consolidation of other
materials in the rank order sodium chloride, anhy-
drous lactose, microcrystalline cellulose and modified
starch (78). Panaggio et al. studied the effects of varying
proportions of dicalcium phosphate dihydrate and
modified starch matrices in tablets prepared by direct
compression and observed that at some concentra-
tions, properties of tablets were intermediate between
those of the pure components and varied linearly with
small changes in relative proportions (79). Water of
crystallization of dicalcium phosphate dihydrate could
possible be released during processing and thus chemi-
cally interact with hydrolysable drug (80). Schüssele
characterized the flowability of commonly used
directly compressible adjuvants using Sotax Powder
Flow Tester from good flow to poor flow in following
order: Emcompress, Tablettose 80, Fujicalin, Tablet-
tose 100, Starch and Avicel (81). Holte reported use of
directly compressible alginates (Protanal LF 120 L,
Protanal LF 120M, Protanal LV 120D, Protanal SF
120) in combination of dicalcium phosphate in formu-
lation of sustained release acetyl salicylic acid directly
compressible tablets (82). 

Emcompress

Emcompress consists of aggregates of small primary
particles of dicalcium phosphate. Unlubricated
Emcompress tablets are difficult to eject from dies,
therefore, it requires high lubrication. Hardness of tab-
lets containing Emcompress is insensitive to tablets
machine speed and lubricant such as magnesium stear-
ate due to the fragmentation behaviour during com-
pression and consolidation. It can be good directly
compressible adjuvant when used in combination with
microcrystalline cellulose or starch (45). Dolden et al.
reported that intraparticulate porosity and mean yield
pressure of the dicalcium phosphate anhydrous prod-
uct are higher than that of the dicalcium phosphate
dihydrate (Emcompress). Authors further demon-
strated that Compacts of the anhydrous product disin-
tegrated much more rapidly in distilled water than did
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those of the dihydrate (83). In addition to the above
commonly used directly compressible excipients vari-
ous other directly compressible filler binder available
in market are shown in Table 6.

Table 6: Examples of some directly compressible

adjuvants.

Fujicalin

Fujicalin is a spherically granulated dicalcium phos-
phate anhydrous prepared by spry-drying. It has lower
particle size, high porosity and high specific surface
area. Fujicalin gives significantly stronger tablets than
Di-Cafos (80).

Inlulin

Eissens reported effect of chain length, particle size and
amount of included air in the particles of inluin on
flow properties and tableting properties. Particles with
larger size showed better flowability. A high lubricant
sensitivity was found for amorphous inulin with a low
amount of entrapped air. The disintegration/dissolu-
tion time increased with decreasing chain length of the

inulin (84). Hollow inulin particles have an increased
compactibility as compared with solid inulin particles
and a strongly reduced lubricant sensitivity (85). 

CO-PROCESSED DIRECTLY COMPRESSIBLE ADJUVANTS

Ludipress

Ludipress, a co-processed product, consists of 93.4% α-
lactose monohydrate, 3.2% polyvinyl pyrrolidone
(Kollidon 30) and 3.4% crospovidone (Kollidon CL). It
consists of lactose powder coated with polyvinyl pyr-
rolidone and crospovidone (23). Although, Ludipress
contains disintegrant, the disintegration of tablets takes
longer than tablets containing α-lactose monohydrate,
Tablettose and anhydrous β-lactose (27). At low com-
pression force Ludipress gives harder tablets but the
addition of glidant and disintegrant is needed. It is
reported that binding capacity of Ludipress was higher
than that of microcrystalline cellulose. The dilution
potential was high (upto 70%) when aspirin was used a
model drug (86). Baykara et al. reported that the dilu-
tion potential of LudipressR with paracetamol is lower
than that of Avicel PH 101, Elcema G250 and Elcema
P050 (87). The binding properties of Ludipress, both
unlubricated and lubricated with 1% magnesium stear-
ate was found to be much better than corresponding
physical mixture (87).  Plaizier-Vercammen et al.
reported that the addition of a lubricant was necessary
and its mixing time had little effect on crushing
strength of Ludipress tablets. Authors also reported
that Ludipress exhibits better tableting characteristics
for low dose APIs, and good batch-to-batch uniformity
than Cellactose (88). The compressibility of Ludipress
is similar to that of Avicel PH 200. The disintegration
time of Ludipress containing tablets remained
unchanged at about 100 MPa compaction pressure
while significant prolongation was observed with Cel-
lactose (89, 90). Schmidt and Rubensdorfer reported
that the tablets manufactured with Ludipress exhibited
optimum disintegration time and compaction pressure
independent dissolution of glibenclamide. While,
increasing compaction pressure had a negative effect
on drug dissolution from compacts containing Cellac-
tose (90). It has been reported that among various lac-
tose based directly compressible excipients, Ludipress
exhibited a better flow rate compared to Avicel PH
101 (91). Ludipress exhibited highest flowability fol-
lowed by Cellactose, Tablettose, Fast Flo lactose and
anhydrous lactose as demonstrated by lower static and
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dynamic angles of repose than the other excipients
(92). The values of compressibility could be ranked
from maximum to minimum in the following order:
Tablettose, Cellactose, Ludipress and Fast Flo lactose.
Fragmentation propensity was from maximum to min-
imum in Tablettose, Cellactose, Ludipress and Fast-Flo
lactose (93). 

Cellactose 

Cellactose is a co-processed product consisting α-lac-
tose monohydrate (75%) and cellulose (25%). Apart
from good flowability, it has good compactibility. The
compactibility is attributed to a synergetic effect of
consolidation by fragmentation of lactose and plastic
deformation of cellulose (94). Because the lactose cov-
ers the cellulose fibers, moisture sorption is much
lower than that of microcrystalline cellulose alone.
Aufmuth et al reported that the Cellactose exhibited
increased crushing strength of the compacts along with
reduced friability and lower disintegration time than
the dry blend of lactose and cellulose (20). Armstrong
et al. pointed that Cellactose exhibit the dual consoli-
dation behaviour since it contains a fragmenting com-
ponent (lactose) and a substance that consolidates
primarily by plastic deformation (Cellulose) (95). 

Ruiz et al. and Reimerdes found that the Cellactose
exhibited better compressibility compared to
Ludipress, Fast Flo lactose, Tablettose, Di-pac and
anhydrous lactose (11, 88). Belda and Mielck found
that due to co-processing Cellactose exhibited
enhanced crushing strength compared to the powder
mixtures each containing 25% w/w Avicel PH-101 or
Elcema P-100 and 75% w/w Tablettose or lactose
(100#) (96). Casalderrey et al reported that the Cellac-
tose tablets prepared at a compression pressure that
largely eliminated macro pores had better mechanical
properties but much poorer disintegration than tablets
of the other blends having similar composition, parti-
cle size, and true density at the same punch pressure.
Authors further reported that the tensile strength and
disintegration time of Cellactose tablets decreased rap-
idly as the compression pressure is reduced (97). Gohel
and Jogani prepared and evaluated co-processed
directly compressible adjuvant containing lactose and
microcrystalline cellulose using starch as a binder. The
percentage fines, Carr’s index of the agglomerates as
well as friability and tensile strength of the tablets were

affected by the ratio of lactose to microcrystalline cel-
lulose and percentage of starch in binder solution. A
product containing lactose: microcrystalline cellulose
(9:1) and 1% starch paste exhibited satisfactory flow,
compressibility and friability. Tablets of diltiazem
hydrochloride and acetaminophen prepared using the
co-processed excipients exhibited satisfactory tableting
properties (98). Gohel et al. prepared and evaluated co-
processed diluents containing lactose and microcrystal-
line cellulose using a 23 factorial design. Ratio of lac-
tose to MCC (75: 25 and 85:15), type of binder
(hydroxypropyl methylcellulose or dextrin) and
binder concentration (1 or 1.5%) were studied as inde-
pendent variables. The results revealed that the lactose:
microcrystalline cellulose ratio 75:25 and dextrin as a
binder are better than the ratio of 85:15 and hydrox-
ypropyl methylcellulose as a binder. The tableting
properties of the developed adjuvant were ascertained
using diltiazem HCl as a model drug (99). Gohel and
Jogani prepared co-processed directly compressible
adjuvant containing lactose and microcrystalline cellu-
lose using melt granulation technique (100). Gohel et
al. demonstrated use of factorial design in development
of directly compressible adjuvant of desired character-
istics consisting of lactose, dicalcium phosphate and
microcrystalline cellulose (101). 

Pharmatose DCL 40

It is a co-processed product consisting of 95% β-lactose
and 5% anhydrous lactitol. Due to spherical shape and
favourable particle size, it exhibits good flowability. It
has high dilution potential than other lactose based
products due to better binding property. It has very
low water uptake at high humidity (18). 

Prosolv

It is co-processed silicified microcrystalline cellulose. It
consists of 98% microcrystalline cellulose and 2% col-
loidal silicone dioxide. The manufacturer claim better
flowability and compressibility compared to Emcocel
and Avicel PH 101 or physical mixture of MCC with
colloidal silicone dioxide (53, 102). Allen reported that
Prosolv containing tablets were significantly robust
than those produced from regular cellulose by wet
granulation. In the presence of magnesium stearate (0.5
%), tablets prepared with Prosolv maintained tensile
strength profiles, whereas the tensile strength of regu-
lar cellulose was significantly affected. Author further
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reported that Prosolv is about 20% more compactable
than regular cellulose (103). Fraser et al reported that
silicified microcrystalline cellulose has some improve-
ment in flow but considerably enhanced mechanical
properties (104). Lahdenpaa et al. demonstrated that
Silicified microcrystalline cellulose is useful to prepare
tablet containing poorly compressible ingredients by
direct compression (105). The silicification affects the
moisture sorption and the packing during tapping as
well as the particle deformation during tableting. Pro-
solv showed slight increase in the tensile strength but
marked increase in the disintegration time of the tab-
lets compared to Avicel (106).  Bolhuis et al. demon-
strated that the co-processing of microcrystalline
cellulose with colloidal silicone dioxide has no signifi-
cant contribution on the tablet strength of lubricated
tablets containing the physical mixture of microcrys-
talline cellulose and colloidal silicone dioxide (107).

StarLac

Starlac is a co-processed excipient consists of lactose
monohydrate and maize starch produced by spray dry-
ing (108) The advantage of Starlac are its good flowabil-
ity depending on the spray-drying process, an
acceptable crushing force due to its lactose content, its
rapid disintegration depending on starch (109). Gohel
and Jogani demonstrated use of multiple linear regres-
sion in development of co-processed lactose and starch.
Authors concluded that as the lactose/starch ratio
increased Carr’s index of the adjuvant and crushing
strength of the tablets increased while friability
decreased.  Percentage of starch paste has inverse effect
on the friability (110). 

As discussed in this review, it is clear that no single
excipient fulfils all the optimum requirements. In most
instances evaluation of tableting properties of these
excipients are required before selecting them as a part
of formulation. Each directly compressible adjuvant
has merits and demerits hence; there is still need for
directly compressible adjuvant, which exhibits a satis-
factory performance. 

Some of the parameters and their importance are
briefly outlined in the Table 7 and for further informa-
tion on directly compressible adjuvants the web-
address of the manufacturers of directly compressible
adjuvant are given Table 8. 

Table 7: Parameters useful in evaluation of directly

compressible.
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Table 8: List of web sites of directly compressible

adjuvant manufacturers.
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