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Abstract 
 
Purpose: To develop a novel multifunctional 
pharmaceutical excipient for direct compression (DC) of 
paracetamol. 
Methods: The novel excipient was prepared by co-
processing gelatinized maize starch with sodium carboxyl 
methyl cellulose and microcrystalline cellulose in a ratio of 
2:1:1, dried and pulverized into powder. DC was applied in 
preparing different batches of paracetamol tables with drug-
excipient ratios of 1:1, 1:2, 1:3, and 1:4. Both the excipient 
powder, the blended mixture of paracetamol and the 
excipient powder and the tablets formulated were evaluated 
for their physicochemical properties including bulk, tapped 
and particle densities, Hausner’s ratio, Carr’s index, angle 
of repose, flow rate, moisture content, swelling index and 
hydration capacity while the tablets formulated were 
evaluated for uniformity of weight, dimensions, hardness, 
friability, disintegration time, moisture sorption and 
dissolution rate.  

Results: The co-processed novel excipient exhibited 
excellent flow properties (angle of repose; 25º) with a high 
moisture content (9 %), good swelling index (15.10) and 
hydration capacity (5.26). The powder mix also showed 
good flow properties that were proportional to the 
concentration of the excipient. Formulated tablets were of 
good quality with regard to weight, hardness, drug content 
and disintegration time except friability where two batches 
failed the official specification.  
Conclusion: The co-processed excipient developed in this 
study was found to be a promising directly compressible 
vehicle for the preparation of compressed tablets for poorly 
compressible drugs. 
Keywords:  flow properties, maize starch, sodium carboxyl 
methyl cellulose, microcrystalline cellulose, post-
compression parameters

 

Indexing: Index Copernicus, African Index Medicus 
 

Introduction  
 
The compressed tablet is the most popular dosage 
form in use today. In the tablet compressing process, 
it is important that all ingredients be fairly dry, 
powdered or granular, somewhat uniform in particle 
size and freely flowing. In order to achieve this, the 
ingredients will need to undergo a granulation 
process. Both wet and dry granulation methods of 
tablet manufacture are complex multistage processes, 
but are necessary to convert the components of the 
formulation into a state that can be readily 
compressed into acceptable tablets. If however, the 
necessary degree of fluidity and compressibility is 
possessed by a major component of the formulation, 
granulation would not be necessary. This is the basis 
for the direct compression (DC) method of tablet 
manufacture [1]. 
 

Key components in the DC process are the excipients. 
They must not only possess those properties which 
are necessary for satisfactory tablet formulation but 
retain them when mixed together especially the active 
ingredients [2]. Excipients provide a wide variety of 
functionalities such as better processibility of 
different API into dosage forms; better tablet binding; 
better tablet disintegration; better API bioavailability 
[3]. They may also provide other functionalities, such 
as good flowability, compressibility, particle size 
distribution, hardness and taste masking that improve 
the manufacture and performance of tablets and 
capsules. 
 
However, most of the excipients that are natural or 
synthetic products do not possess the functionalities 
that will impact on the API desired delivery system 
upon formulation.  No single excipient possesses all 
the desired physico-mechanical properties for the 
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development of a robust drug delivery system (DDS) 
which can be scaled up easily.  Hence, there is a need 
to have excipients with multiple characteristics built 
into them such as better flow, low/no moisture 
sensitivity, superior compressibility, and rapid 
disintegration ability [4]. 
 
The engineering of pharmaceutical excipients to give 
high functional ones (contribute at least two functions 
to the formulation through a single ingredient) can be 
achieved by developing new chemical excipients, 
new grades of existing materials, or by new 
combinations of existing materials.  The latter two 
types are products of what is now called particle 
engineering [5]. 
 
Co-processing, a method of particle engineering, 
could lead to the formation of excipients with 
superior properties compared to the simple physical 
mixture 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 [6]. Co-
processed products have been developed primarily to 
address the issues of flowability, compressibility and 
disintegration potentials with filler-binder 
combination being the most commonly evaluated [7]. 
 
Particle engineering methods are encumbered with 
many disadvantages which include need for state-of-
the-art facilities, use of expensive and/or 
environmentally unfriendly chemicals, need for high 
skilled technicians, additive high cost of production, 
etc. All these demerits have triggered the search for a 
simple and cheap particle engineering method that 
may be used in regions where hi-tech facilities are 
lacking. The aim of this research work was to 
formulate and characterize a novel pharmaceutical 
excipient using the simple method of co-processing 
and to determine the effect of the novel excipient on 
some physicochemical properties of paracetamol 
tablets.  
 

Methods 
 
Materials 
 
These include maize starch BP, micro crystalline 
cellulose and sodium carboxymethyl cellulose, (Edo 
Pharmaceuticals, Benin City, Nigeria), α-lactose 
monohydrate (Fluka, Netherlands), concentrated HCl 
37 % (BDH, UK), and paracetamol powder 
(Nomagbon Pharmaceuticals, Benin City, Nigeria). 
All other reagents used were of analytical grade and 
water was double distilled. 
 
Preparation of the co-processed novel excipient 
(NE) 
 
Maize starch BP (6 g) was dispersed in distilled water 
at 32 °C to make a 10 ml slurry in a 500 ml beaker. 
The slurry was well stirred to ensure that all the 

powder was properly wetted. Freshly boiled water 
(100 °C) was then added to the slurry to reach the 200 
ml mark and stirred properly till a paste of uniform 
consistency was formed. Sodium carboxyl 
methylcellulose (2 g) powder was then dispersed in 
the paste, in little quantities at a time (to prevent lump 
formation), and stirred continuously until an even 
mixture was produced. Then, a solution containing 2 
g of microcrystalline cellulose in 5 ml of distilled 
water was added to the mixture and stirred until a 
smooth paste of all three substances was obtained. 
The paste was then transferred into a transparent heat 
resistant plastic container, spread thinly and dried in 
the hot air oven at 60 °C for 48 h. The resulting flakes 
were pulverized using a dry kitchen blender (Phillips 
Switzerland) and stored in an air tight container over 
silica gel until use. 
 
Characterization of the co-processed novel 
excipient 
 
The co-processed novel excipient prepared was 
characterized by determining the bulk and tapped 
densities, compressibility index, Hausner’s ratio, 
angle of repose, flow rate, moisture content, particle 
density, swelling index and hydration capacity. 
 
Bulk and tapped densities: A 20 g quantity of the 
novel excipient powder was poured gently into a 100 
ml graduated measure. The volume of the powder 
was read and the bulk density calculated. The 
measure containing the 20 g of the novel excipient 
powder was tapped 100 times on a wooden platform. 
The volume was noted and used in calculating the 
tapped density. 
 
Carr’s index and Hausner’s ratio: The difference 
between the tapped and bulk density of the novel 
excipient powder divided by the tapped density was 
calculated and the ratio expressed as percentage to 
give the Carr’s index. The ratio of the tapped density 
to the bulk density of the novel excipient powder was 
calculated as the Hausner’s quotient. 
 
Angle of repose: The hollow tube method was used. 
A short hollow tube of 3 cm in internal diameter 
sitting on a circular horizontal surface of same 
diameter was filled with the powders of the novel 
excipient. The tube was withdrawn vertically and 
excess powders allowed to fall off the edge of the 
circular horizontal surface. The height of the heap 
was measured. The angle of repose, θ, was calculated 
using Equation 1. 

θ = tan-1 (h/r) - - - - - - - - - - - - - - - - (1) 
where h is the height of the heap of granules and r is 
the radius of the circular base. 
 
Flow rate: An Erweka flow tester was used. The time 
taken for 50 g of the novel excipient powder to pass 
through its orifice was recorded. This was carried out 
in triplicates and the mean values recorded. 
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Particle density: A 25 ml specific gravity bottle 
(glass pycnometer) was filled with liquid paraffin, 
cleaned of any residual liquid paraffin and weighed 
(a). The bottle was emptied, rinsed with acetone and 
dried. About 1 g (b) of the novel excipient powder 
was poured into the bottle and then filled with liquid 
paraffin. It was weighed (c) after cleaning off the 
residual paraffin from the bottle. The various weights 
recorded were used to calculate the particle density of 
the novel excipient using Equation 2. 

ρ = b/[(a+b)-c]S - - - - - - - - - - - - -  (2) 
where ρ is the particle density of the novel excipient 
and S is the specific gravity of liquid paraffin. 
 
Moisture content: A 1 g quantity of the novel 
excipient was dried in a hot air oven for 4 h at 105 ºC. 
The initial weight of the granules and the weight after 
drying were recorded and used to calculate the 
moisture content. 
 
Swelling index: One gram weight of the novel 
excipient powder with a tapped volume (Vi) in a 50 
ml measuring cylinder was dispersed with 1 ml of 
ethanol 96 % and 25 ml of distilled water and 
thereafter made up to volume with more water. The 
cylinder was firmly closed and shaken vigorously 
every 10 mins for 1 h. The dispersion was allowed to 
stand for 3 h and the volume of the sediment (Vf) 
noted. The swelling capacity was computed with 
Equation 3. 
Swelling capacity = Vf  – Vi - - - - - - - - - - - - - - (3) 

 
Hydration capacity: A 1 g weight of the novel 
excipient was introduced into four 15 ml centrifuge 
tubes. The tubes were corked after 10 ml of water was 
added. The tube contents were shaken for about 2 
min, allowed to settle for 10 min and centrifuged at 
1000 rpm for 10 min using a bench centrifuge. The 
resulting supernatant was decanted and the sediment 
weighed. The hydration capacity was determined with 
Equation 4. 
Hydration capacity = Wf / Wi - - - - - - - - - - - - - (4) 

where Wf and Wi are the weights of the sediment and 
the dry starch sample, respectively. 
 
Characterization of the powder blends 
 
The powder blends excipient prepared were 
characterized by determining the bulk and tapped 
densities, compressibility index, Hausner’s ratio, 
angle of repose, flow rate and moisture content. The 
method use under the novel excipients were repeated 
here. 
 
Tablet formulation by direct compression 
 
The paracetamol tablets were prepared by direct 
compression (DC) using the formulae in Table 1. The 
different batches of the tablets containing drug-novel 
excipient ratios of 1:1, 1:2, 1:3 and 1:4 were prepared 

by weighing the paracetamol powder, novel excipient, 
maize starch and lactose into a mixer and dry mixed 
for 5 mins. The powder mix was compressed into 
tablets using a single punch tableting machine (F-3 
Manesty Machines, UK) at compression pressure of 
32 kilonewton (KN). The die volume was adjusted to 
compress tablets of uniform weight by using powders 
weighing 650 mg. The tablets made were then kept in 
air tight containers and stored in a desiccator until 
evaluation 
 
Table 1: Formula of prepared paracetamol tablets 

 
Quantity (mg/tablet) 

Ingredients 
1:1 1:2 1:3 1:4 

Paracetamol 100 100 100 100 
Lactose 350 250 150 50 
Maize starch 100 100 100 100 
Novel Excipient 100 200 300 400 
Total 650 650 650 650 

 
Evaluation of tablets: The following tests were 
carried out on the compressed tablets using standard 
procedures: tablet weight uniformity, hardness, 
friability, disintegration time, moisture soption, 
content of active drug and dissolution studies. 
 
Tablet weight uniformity: The weight of each of 20 
tablets was determined from each batch using an 
electronic balance (College B154, Mettler Toledo, 
Switzerland) and the mean weight and standard error 
were computed. 
 
Tablets hardness: The hardness of each of ten 
tablets per batch was determined (Campbell 
Electronics, Model HT-30/50, India). The mean 
hardness and ± standard deviation was calculated. 
 
Friability test: The weight of ten tablets was 
determined on the electronic balance. The tablets 
were then placed in the drum of a friabilator (Erweka 
GmbH, Germany) revolving at 25 rpm which exposed 
the tablets to rolling and repeated shock resulting 
from free fall within the apparatus. After four 
minutes, the tablets were brought out, dedusted and 
reweighed. The weight was then recorded and 
friability calculated as percentage loss in weight. 
 
Disintegration time: The disintegration times of six 
tablets per batch of the tablets were determined in 
distilled water at 37 ± 0.5 °C using the British 
Pharmacopoeia (BP) disintegration tester (MK IV, 
Manesty Machines, UK). 
 
Moisture sorption: The moisture sorption properties 
of the tablets were determined using static 
gravimetric method. A tablet from each batch was 
dried at 80 °C for 4 h. The tablet was weighed, placed 
in a petri dish and exposed to a 100 % relative 
humidity condition for 48 h in a desiccator containing 
distilled water at 32 °C. The weight of the tablet at 
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the end of 48 h was recorded and moisture sorption 
calculated as percentage gain in weight. 
 
Content of active drug: Some tablets (20) were 
randomly selected from each batch and crushed to 
fine powder. A quantity of the powdered tablets 
equivalent to 100 mg paracetamol was weighed and 
dissolved in 50 ml of 0.1N HCl in a 100 ml 
volumetric flask and made up to volume. Necessary 
dilutions were carried out to obtain a final 
concentration of 100 µg/ml, the solution was 
thereafter filtered through a Whatman No 1 filter 
paper and the absorbance of the filtrate determined at 
245 nm using 0.1N HCl as blank. 
 
Statistical analysis   
 
Descriptive statistics was done for all data using 
Microsoft Excel (2007). Mean and standard 
deviations of triplicate determinations was computed 
and reported. Differences between mean was 
determined using ANOVA while p ˂  0.05 was 
considered significant. 
 

Results and Discussion 
 
Properties of the novel excipients 
 
The physical properties of the co-processed novel 
excipient are shown in Table 2. Carr’s index of 18.33 
indicates good flow ability. The values of the 
Hausner’s ratio, angle of repose and the flow rate also 
indicated that the excipient prepared has excellent 
flow properties. The particle density of 1.11 could be 
as a result of wide size range of its particles with the 
smaller particles filling the void spaces created by 
larger ones. This is in line with Newman [8] who 
showed that low densities result when void spaces 
created by powder particles are not filled by smaller 
particles, leading to consolidation of the powder 
particle. High moisture content of 9 % of the novel 
excipient is indicative of large particle sizes which 
may trap water and result in high moisture content [9] 
because moisture contents as high as 3 – 4 %w/w are 
appropriate to produce maximum disintegration and 
dissolution of tablets [10]. Swelling and hydration 
values of the excipient indicates a good candidate as a 
disintegrant. As the co-processed novel excipient 
possesses excellent flow properties and swelling 

character, it promises to be a good candidate as a 
directly compressible vehicle for DC of tablets. 
 
Table 2: Physical properties of the co-processed novel 
excipient 
 

Properties Result 
Bulk Density (g/ml) 0.49 

Tapped Density (g/ml) 0.60 

Carr’s Index (%) 18.33 

Hausner’s Ratio 1.22 

Angle of Repose (°) 25 

Flow Rate (g/sec) 5.5 

Particle Density (g/ml) 1.11 

Moisture Content (%) 9.0 

Swelling Index 15.10 

Hydration Capacity 5.26 

 
Properties of the powder blend 
 
The physico-chemical properties of the powder 
blends (Table 3) show a direct proportionality 
between powder flow and excipient concentration. 
There was a general improvement in the flow 
properties of the blends with increasing excipient 
concentration. There is increase in As the flow rate 
and bulk densities increased the angle of repose, 
tapped densities, Carr’s index and the Hausner’s ratio 
decreased with increase in the concentrations of the 
novel excipients. This is consistent with the formation 
of larger granules as the concentration of excipient 
increased leading to larger voids in between the larger 
granules. This increase in particle sizes would also 
lead to decrease in surface free energy of the powder 
particles and decrease in frictional forces between the 
particles leading to faster flow [11]. The moisture loss 
of all the powder blends was between 3 – 4 %, which 
met the BP [12] specification that not more than 15 % 
of the granule weight should be lost on drying. 
 
Tablet properties 
 
Table 4 shows some physicochemical parameters of 
the paracetamol tablets formulated. The weight 
uniformity test on the tablets indicated no significant 
differences (p>0.05) in the weights of tablets from 
the  various  batches   and  hence   conformed  to  the 
British Pharmacopoeia [13] specification, i.e., that not 
more than two of the individual weights should 
deviate from the average weight by more than ±5 %   

 
Table 3: Some physicochemical properties of the powder mix 

 

Batch 
Bulk 

Density 
(g/L) 

Tapped 
Density 
(g/L) 

Carr’s 
Index 
(%) 

Hausner’s 
Ratio 

Angle of 
Repose 

(°) 

Flow 
Rate 

(g/sec) 

Moisture 
Content 

(%) 

1:1 0.42 0.51 17.64 1.21 36 3.68 4 

1:2 0.44 0.50 12.00 1.14 33 3.85 4 

1:3 0.45 0.49 8.16 1.09 30 4.33 3 

1:4 0.45 0.48 6.25 1.07 28 4.52 3 
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Table 4: Some physicochemical characteristics of the paracetamol tablet 
 

Tablet Dimensions (mm) 
Batch 

Tablet 
Weight* 

(g) Diameter* Thickness* 

Tablet 
Hardness* 

(KgF) 

Friability 
(%) 

Disintegration 
Time* 
(min) 

Moisture 
Sorption 

(%) 

Content 
of Active 

(%) 

1:1 0.65 (0.02) 12.34 (0.03) 4.14 (0.09) 4.88 (0.57) 1.7 4.30 (1.26) 11.05 99 

1:2 0.64 (0.01) 12.28 (0.01) 4.32 (0.14) 4.16 (0.32) 1.3 5.29 (1.32) 16.42 98 

1:3 0.64 (0.01) 12.31 (0.03) 4.41 (0.09) 4.12 (1.40) 0.9 6.10 (0.83) 18.33 99 

1:4 0.65 (0.01) 12.30 (0.02) 4.42 (0.03) 3.47 (1.43) 0.6 7.55 (1.31) 21.40 101 

*Standard deviation in parenthesis 
 
and none should deviate by more than ±10 %. Also, 
there were no significant differences amongst the 
tablet dimensions but there were amongst the tablet 
hardness friability. These differences could be 
attributed to the different amounts of the novel 
excipients used since no binder was used in the 
formulation. All the tablets from all the batches gave 
average hardness values between 3.47 – 4.88 KgF 
since hardness values greater than or equal to 4 KgF 
are is considered to be the minimum for a satisfactory 
tablet. [14] 
 
The friability values of the tablets increased with 
decreasing concentrations of the disintegrant (Table 
4). However, only tablets of two batches (1:3 and 1:4) 
met the BP specification of a maximum loss of 1 % of 
the mass of the tablets tested (BP, 1980) or a 0.8 – 1.0 
% loss in weight of the tested tablets without capping, 
lamination or breaking up in the course of the test 
[15]. 
 
All the formulated tablets disintegrated within 15 
minutes (Table 4) as specified by BP [16] for 
uncoated tablets, but the results showed an increase in 
the disintegration time with increase in the novel 
excipient concentration. Moisture sorption, one of the 
indices for understanding the capacity of a tablet to 
swell and disintegrate in the presence of water were 
found to increase with increasing concentration of the 
novel excipients. 
 
The content of active drug in all the tablets were 
within the range prescribed by the pharmacopeia [16], 
that is, not less than 90.0 % and not more than 110.0 
% of the labelled content. 
 
The co-processed novel excipient exhibited excellent 
flow properties with a high moisture content and 
good swelling index. The powder mix also showed 
good flow properties that were proportional to the 
concentration of the excipient. Tablets were of good 
quality with regard to weight, hardness, drug content 
and disintegration time except friability where two 
batches failed the official specification.  
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