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ABSTRACT

The aim of this study was to evaluate the direct compression properties of a novel co-
processed excipient (CPE) generated by processing cow bone powder (CBP), maize 
starch (MS) and Khaya gum (KG) together to form a single composite excipient. Design of 
experiments (DoE) was employed to optimise the formulation of CPE. CPE was prepared 
by wet granulation using the optimised formulation of CBP (40%), MS (40%) and KG (20%) 
as recommended by DoE. Assessment of the organoleptic properties of CPE revealed an 
odourless, tasteless and coarse texture with a neutral pH of 7.3. CPE was found to be 
partly crystalline and partly amorphous and demonstrated compatibility between the three 
components of the formulation. The material in terms of flowability compared well with 
the flow parameters of StarLac, a reference co-processed excipient. Tablets of diclofenac 
produced by direct compression using CPE as the directly compressible excipient compared 
well with the hardness and disintegration time of tablets made using StarLac® as the directly 
compressible excipient. The study’s outcome shows that CPE can be used as a direct 
compression excipient in the formulation of tablets by direct compression.
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INTRODUCTION

Excipients are highly recommended in the preparation and formulation of any dosage 
form. They contribute to the stability, safety, processability, acceptability and sometimes 
bioavailability of oral dosage forms (Siew 2016; Madhav et al. 2017). In the formulation of 
oral solid dosage forms e.g., tablets, excipients are indispensable because they contribute 
significantly to the manufacturability and performance of the final dosage form. Tablets can 
be prepared by granulation or direct compression (DC) methods (Patel, Kaushal and Bansal 
2006). 

Currently, there is a growing preference for direct compression among 
pharmaceutical manufacturers because it is a method that is simple, cost-effective and 
particularly useful for drugs that are moisture or heat sensitive (Franc et al. 2018; Chattoraj 
and Sun 2018; Benabbas et al. 2021). However, not every single component excipient 
available can meet the requirements of the direct compression process, hence the need 
for novel excipients with DC properties. To address this challenge, many pharmaceutical 
scientists have embraced co-processing technology to generate novel excipients with 
improved properties.

The process of co-processing involves combining two or more excipients using an 
acceptable method to generate a single composite excipient that synergises the strengths of 
the interacting excipients while minimising their limitations i.e. poor binding and disintegrating 
properties, generating a product with enhanced properties (Gupta, Nachaegari and Bansal 
2006; Marwaha, Sandhu and Marwaha 2010). This process is a particle engineering 
technique that modifies the particle structure thereby altering the physical properties without 
affecting the chemical integrity of the material to the barest minimum. The outcome of this 
process has led to the development of high functionality excipients e.g. Prosolv®, StarLac®, 
Ludipress® etc. that have addressed the challenges encountered by manufacturers when 
using single component excipients. Some of the benefits recorded with co-processed 
excipients (CPEs) includes improved flowability, compressibility, low lubricant sensitivity, 
enhanced disintegration efficiency and better dilution potential (Nachaegari and Bansal 
2004). 

Generally, single component excipients can be derived from plant sources such as 
starches, gums, and celluloses; animal sources such as gelatin, chitin and alginic acid and 
mineral sources such as dicalcium phosphate, calcium carbonate and kaolin. One of such 
excipients that is being explored in tablet formulation is the cow bone powder (CBP). CBP 
is derived from cow bone, a rigid tissue that performs mechanical, biological and chemical 
functions. The bone serves as a metabolic reservoir for calcium, phosphorous and other 
minerals (Emenike et al. 2016). A study carried out discovered that when cow bone is 
heated to high temperatures of about 1000°C in a furnace, it produces a by-product that 
is purely hydroxyapatite (calcium phosphate) which can be used as an excipient in tablet 
formulation (Emenike et al. 2016; Akindoyo et al. 2019). 

CBP has been evaluated as a diluent in the formulation of tablets by direct 
compression. However, the functionality of CBP as a DC excipient is relatively poor when 
compared to other existing excipients used in direct compression. Hence, this study aims 
to develop a CPE containing CBP and evaluate its material properties to determine its 
suitability for direct compression. Design of Experiments (DoE) was employed to optimise 
the formulation of CPE containing CBP, maize starch (MS) and Khaya gum (KG). MS and 
KG will serve as disintegrant and binder, respectively, in the new CPE to achieve a balance 
of the mechanical and disintegration properties of the DC excipient. This study is yet to be 
reported in literature.
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METHODS

Materials

Cow bone was sourced from fresh femur and tibia from the Zaria Abattoir (Zaria, Kaduna 
State), KG (Khaya senegalensis, Family: Meliaceae) was obtained from the environs of 
Ahmadu Bello University, Zaria, Kaduna State, MS (Quality Starch and Chemicals, Private 
Ltd, Tamil Nadu, India).

Methods

Synthesis of CBP

The method of Emenike et al. (2016) was adopted with slight modifications to synthesise 
CBP. One kilogram of fresh cow femur and tibia bones were collected from the abattoir 
(Zaria, Kaduna State). They were cut into pieces with the aid of an axe and heated to about 
100°C for 1 h to remove all traces of meat, fat and bone marrow before cleaning with hot 
water. The weight of the bone pieces was obtained using the Gallenkamp Mettler balance 
(type P163, CH-8606 Grefensee-Zurich, Switzerland), allowed to dry for about two days and 
weighed again after drying. The dried cow bone was heated in an industrial furnace (project 
F 442 No: 91-442, type CFR, Holland) at 800°C for 6 h and allowed to cool overnight to a 
room temperature of 37°C. It was milled and the powder passed through a sieve of 250 µm 
before taking the final weight and storing in a plastic container for further studies.

Extraction of KG

The dried gum exudate was purified using the method described by Odeku and Itiola (2002). 
Pulverisation of crude gum was performed using an electric laboratory blender. A small 
quantity of the pulverised crude gum (~1 kg) was soaked in 2.5 L of distilled water for 72 h to 
allow for gum dissolution. The dispersion (solution) was strained through a calico cloth and 
precipitated with acetone to separate the pure gum from the dispersion. The precipitate was 
air dried for 24 h to remove acetone by vapourisation and purified KG was recovered. The 
dried gum was micronised using a blender and passed through a sieve (250 μm) to obtain 
the finely powdered gum which was stored in an airtight open-mouthed screw capped glass 
bottle for further use.

Preparation of Experimental Formulations of CPE

DoE was employed to optimise the formulation of the CPE containing CBP, KG and MS. A 
simple centroid (mixture) experimental design was used to generate 14 trial formulations 
containing varying proportions of the constituent excipients (Table 1). The content of MS 
(factor-A) varied from 40%–59%, CBP (factor-B) varied from 40%–59% and KG (factor-C) 
varied from 1%–20%. Each formulation of CPE according to the design in Table 1 was 
prepared by wet granulation. Plain tablets of CPE weighing 500 mg were prepared by direct 
compression and the parameters of tensile strength and disintegration time were evaluated 
for each formulation The effect of these independent variables (Factor A–C) on dependent 
variables (Y₁: tensile strength of tablet and Y₂: disintegration time of tablet) was studied using 
Design Expert® software version 12.0 (stat-Ease Inc. USA) to generate a design space for 
the prediction of the optimised formulation of CPE.
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Table 1: Percentage of composition of each formulation of CPE showing the varied levels of 
the constituent excipients and their corresponding quantities by weight for a 20 g formulation.

Run Composition (%) Mass composition (20 g)
MS CBP KG MS CBP KG

1 40.0 49.5 10.5 8.0 9.9 2.1
2 43.2 52.7 4.1 8.6 10.5 0.9
3 49.5 49.5 1.0 9.9 9.9 0.2
4 43.2 43.2 13.6 8.6 8.6 2.8
5 40.0 40.0 20.0 8.0 8.0 4.0
6 49.5 49.5 1.0 9.9 9.9 0.2
7 40.0 59.0 1.0 8.0 11.8 0.2
8 49.5 40.0 10.5 9.9 8.0 2.1
9 52.7 43.2 4.1 10.5 8.6 0.9

10 59.0 40.0 1.0 11.8 8.0 0.2
11 40.0 40.0 20.0 8.0 8.0 4.0
12 59.0 40.0 1.0 11.8 8.0 0.2
13 40.0 59.0 1.0 8.0 11.8 0.2
14 46.3 46.3 7.4 9.3 9.3 1.4

Preparation of CPE using the Optimised Formula

The CPE containing CBP, KG and MS was prepared by wet granulation using the optimised 
formula obtained from DoE study. Based on the DoE, the optimised proportion for each 
of the excipient was found to be MS (40% w/w), CBP (40% w/w) and KG (20% w/w).  
KG (20%  w/w) was dissolved in 110 mL of distilled water with the aid of a stirring rod 
for 5 min. The MS (40% w/w) and CBP (40% w/w) powders were mixed and wetted with 
the binding solution (KG) until the powder mix had consistency of damp mass. The wet 
mass was screened through 1.6 mm mesh sieve to generate granules. The granules were 
air dried at 25°C for 24 h and placed in the oven to complete the drying at 60°C for 60 
min. The granules were milled to smaller particles and passed through 180 µm to compare 
with the size of the standard (StarLac®). It was packed into a tight sealed container before  
storing in the desiccator for further studies.

Assessment of Organoleptic Properties

The organoleptic properties of odour, colour, taste and texture were assessed for CBP, KG, 
MS and CPE. The pH for each material was also determined using a method described by 
Apeji, Oyi and Musa (2011)

Scanning Electron Microscopy (SEM)

Particle shape and morphology of CBP, KG, MS and CPE were examined using a scanning 
electron microscope (Phenom ProX, The Netherlands). The samples were placed initially 
on a double adhesive which was placed on a sample stub and then sputter-coated with 
gold under vacuum in an argon atmosphere prior to observation. The SEM images of the 
samples were taken at an acceleration voltage of 20 kV at various magnifications.
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Powder X-Ray Diffraction (PXRD)

X-ray diffraction analysis was carried out on CBP, KG, MS and CPE using a Rigaku Miniflex 
300 II Benchtop X-Ray diffractometer (Rigaku Corporation, Tokyo, Japan). The samples 
were positioned in the holding tray of the machine and scanned from 5° to 90° on a 2θ scale, 
measuring the angle between the emitted ray and the reflected ray. The raw data obtained 
was analysed with Smart Lab Studio-II software. 

Fourier Transform Infra-Red Spectroscopy (FT-IR)

FT-IR scans for CBP, KG, MS and CPE were generated over a range of 4,000 cm-1 to 
650 cm-1 using a Cary 630 FT-IR Spectrometer (Agilent Technologies, USA). Each sample 
was subjected to an average of 32 scans at a nominal resolution of 8 cm-1, employing 
background spectrum of gold. The Cary 630 Micro Lab PC software was used for data 
collection and SpectraGryph 1.2—spectroscopy software was used to analyse the data.

Characterisation of Flow Properties

The flow properties of CPE and StarLac® were characterised by measuring the angle of 
repose (AoR) using the fixed funnel method (Pilpel 1965). Each powder sample weighing  
20 g was poured through a fixed funnel suspended at a height 8 cm above the bench 
surface. The height and diameter of the conical heap of powder formed was measured 
and Equation 1 was used to calculate the angle of repose. A mean of three replicates was 
recorded as the final angle of repose for each sample.

Tan d
h2i =

where h is the height of heap of powder cone (cm), d is diameter of the cone base (cm) and  
is the angle of repose. 

Bulk and tapped densities of the powders were also determined according to the 
method specified by the United States Pharmacopoeial (2012) and the densities were used 
to compute the parameters of Carr’s index (CI) and Hausner’s ratio (HR) using Equations 
2 and 3, respectively. A mean of three replicates with standard deviation was recorded for 
each parameter. 

100%CI TD
TD BD=

-
#

HR BD
TD=

where BD and TD are bulk and tapped densities, respectively.

Tablet Formulation by Direct Compression

Tablets containing diclofenac (100 mg) were prepared by direct compression using CPE as 
DC excipient in comparison to StarLac® as the reference standard. The formulation of the 
drug and excipients were mixed together and compressed on a single punch tablet press 
into tablets weighing ~200 mg. The tablets were kept for 24 h to allow for elastic recovery 
before tablet parameters were evaluated. 

Equation 1

Equation 2

Equation 3
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RESULTS

The effect of varying the formulation of CPE containing CBP, MS and KG on tablet properties 
was evaluated. The results are presented in Table 2. 

Table 2: Design formulations and their corresponding tablet properties.

Run MS (%) CBP (%) KG (%) TS (MPa) DT (min)

1 40.0 49.5 10.5 0.53 ± 0.16 2.41 ± 0.07
2 43.2 52.7 4.1 0.23 ± 0.09 0.92 ± 0.28
3 49.5 49.5 1.0 0.34 ± 0.13 0.58 ± 0.22
4 43.2 43.2 13.6 0.88 ± 0.08 3.17 ± 0.18
5 40.0 40.0 20.0 0.75 ± 0.08 6.5 ± 0.65
6 49.5 49.5 1.0 0.44 ± 0.12 0.69 ± 0.09
7 40.0 59.0 1.0 0.59 ± 0.07 0.57 ± 0.07
8 49.5 40.0 10.5 0.59 ± 0.04 3.88 ± 0.16
9 52.7 43.2 4.1 0.59 ± 0.08 1.52 ± 0.36
10 59.0 40.0 1.0 0.48 ± 0.06 0.79 ± 0.17
11 40.0 40.0 20.0 1.29 ± 0.04 12.29 ± 1.04
12 59.0 40.0 1.0 0.32 ± 0.01 0.85 ± 0.39
13 40.0 59.9 1.0 0.79 ± 0.21 0.69 ± 0.08
14 46.3 46.3 7.4 1.02 ± 0.12 2.44 ± 0.42

The tensile strength (TS) of tablets ranged from 0.23 MPa to 12.9 MPa while the 
disintegration time (DT) of tablets ranged from 0.57 min to 12.29 min. Tablets of higher 
TS were produced from formulations containing higher concentration of KG (Runs 5, 11 
and 14) and this was reflected in the DT as harder tablets generally take a longer time to 
disintegrate. Also, it was observed that formulations containing higher concentration of MS 
produced tablets that disintegrated in less than 1 min (Runs 3, 10 and 12) when compared 
to other formulations. The corresponding TS of tablets of these formulations was relatively 
lower when compared to other formulations. For formulations containing higher proportion 
of CBP (Runs 7 and 13), the TS of tablets was relatively higher when compared to other 
formulations containing a lower proportion of CBP (Runs 10 and 12). Overall, variation in 
the formulation of CPE affected the properties of tablets that were generated.

The tablet properties of TS and DT which represent the responses (dependent 
variables) for the design were fitted into models by the Design Expert software (version 
12.0) and the results of the analysis is presented in Table 3.  

Table 3: Model analysis for both responses.

Responses Model p-value Lack-of-fit p-value R2

TS Linear 0.033 0.4252 0.4621

DT Linear 0.0002 0.8300 0.7802

The outcome of the analysis shows that the linear model was selected for both responses 
on the basis of the p-value which was significant at p < 0.05. The lack-of-fit p-value was 
not significant at p < 0.05 implying that the model fitted the responses. The coefficient of 
fitness (R2) obtained for both responses was 0.4621 and 0.7802 for TS and DT, respectively 
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implying that the model selected accounts for about 46% and 78% of the changes observed 
in the TS and DT values, respectively, as a result in variation in formulation.

The effect of varying the formulation of CPE on tablet properties of TS and DT was 
expressed mathematically in the equations below:

TS = 0.395*MS + 0.541*CBP + 0.993*KG    Equation 4

DT = 0.547*MS – 0.0187*CBP + 8.02*KG    Equation 5

The relationship above shows that all the components of CPE exert a positive effect on 
TS of tablets implying that an increase in concentration or proportion by weight of each 
component in the formulation of CPE will cause an increase in the TS of tablets. However, 
KG was found to exert a greater influence on TS when compared to other components on 
the basis of its coefficient term (0.993). So, the effect of each component on TS is ranked 
in the following order, KG > CBP > MS. All three components of CPE were found to exert 
a significant effect on the DT of tablets and were ranked in the following order, KG > MS 
> CBP with KG having a more prominent effect on KG due to its coefficient term of 8.02. It 
must be noted however that while the effect of KG and MS on DT of tablets was positive, that 
of CBP was negative implying that an increase in the proportion of CBP in the formulation 
of CPE relative to the other components will decrease the DT of tablets. 

Based on the regression equations obtained for each response, a contour plot was 
generated for each response to illustrate graphically the effect of each component of CPE 
on the tablet property. The graphs are presented as Figures 1 and 2, respectively, for TS 
and DT. The contour plot for TS presented as Figure 1 shows that TS decreases when the 
proportions of MS and CBP move from lower concentration regions to higher concentration 
regions. However, the reverse is the case with KG as TS increases when the content of KG 
increases in the formulation of CPE. Increasing the concentration of KG from 1% to 20% led 
to an increase in TS from 0.5 MPa to 0.9 MPa (a shift from the sky blue to greenish yellow 
regions). This confirms that KG exercises a greater impact in defining the TS of tablets.

Figure 1: Contour plot showing the effect of the three excipients on TS.
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The contour plot for DT presented as Figure 2 shows that increasing the content 
of MS from 40% to 59% does not significantly affect the reduction in DT of tablets. There, 
however, seems to be some reduction in the DT of tablets when the content of CBP rose 
from 40% to 59% in the formulation. Again, there was a significant increase in the DT of 
tablets when the content of KG rose from 1% to 20%. This further suggests that KG in 
the formulation of CPE is playing a prominent role in defining the outcome of the tableting 
properties of CPE under development. Hence, it will be critical to consider this component 
in the final stage of optimisation of the formulation of CPE.

Figure 2: Contour plot showing the effect of the three excipients on DT.
Based on the analysis and assessment of the relationship between the formulation 

factors and tablet properties, optimisation of the formulation of CPE was conducted 
numerically using the design space to suggest a desirable formulation of CPE that will yield 
acceptable tablet properties. A set of criteria was defined for the factors and responses for 
the design as outlined in Table 4. A formulation of CPE containing MS (40%), CBP (40%) 
and KG (20%) will yield tablets having TS and DT of 0.993 MPa and 8.018 min, respectively, 
was predicted and confirmed. The DoE model was therefore accepted for the optimisation.

Table 4: Optimisation criteria for each variable of the design 
and the prediction.

Factors Criteria Prediction
MS Minimise (40%–59%) 40%

CBP Minimise (40%–59%) 40%

KG Maximise (1%–20%) 20%

TS Maximise (0.22 MPa–1.29 MPa) 0.993 MPa

DT In range (0.57 min–12.29 min) 8.018 min

Organoleptic properties of CPE in comparison to its component excipients were 
assessed and the results presented in Table 5. All the materials were found to be odourless 
and tasteless except for KG that had a mild-acidic taste owing to a pH of 3.6. The component 
excipients all varied in colour ranging from ash-white to white and this affected the final 
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colour of CPE which was light brown. Combination of the three component excipients in 
the formulation of CPE yielded a material that is coarse in texture while the pH of CPE was 
7.3 implying a balance between the acidic and basic components of the formulation. The 
organoleptic properties of CPE obtained are consistent with the properties of commercial 
co-processed excipients that are used in the production of oral solid dosage forms.

Table 5: Organoleptic properties of CBP, KG, MS and CPE.

Property CBP KG MS CPE
Odour Odourless Odourless Odourless Odourless

Colour Ash-white Light brown White Light brown

Taste Tasteless Mild acidic Tasteless Tasteless

Texture Brittle Coarse Smooth Coarse

pH 9.1 3.6 5.4 7.3

SEM analysis of the component excipients and CPE was carried out to observe 
the particle structure, shape and surface morphology of the materials. The pictures as 
presented in Figure 3 shows MS (Figure 3A) characterised by polygonal shaped smooth-
surface particles of various sizes while CBP (Figure 3B) also shares similar structure 
and shape with MS particles though having a higher proportion of small sized particles of 
varying diameters. The particles of KG (Figure 3C) appear granular making the surface 
rough while CPE particles (Figure 3D) appear irregular in shape showing a dispersion or 
mixture of the components with rough surfaces and enlarged particle size owing to co-
processing. Examination of the particle structure and morphology of CPE shows that the 
three component excipients having been unified into a co-processed particle with properties 
derived from the component excipients.

Figure 3: SEM pictures of (A) MS, (B) CBP, (C) KG and (D) CPE.

The PXRD patterns of the component materials and CPE are presented in  
Figure 4. The PXRD patterns of MS and KG are characterised by diffused and low intensity 
peaks indicating strongly that both materials are predominantly amorphous while CBP 
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displays sharp, distinct peaks implying the material is predominantly crystalline. These 
characteristics peaks as identified in the component materials were also prominent in the 
PXRD of CPE implying that the materials are compatible and can be processed together to 
form a co-processed excipient.

Figure 4: PXRD patterns of CPE, CBP, KG and MS.

Figure 5 presents the FT-IR spectra for MS, CBP, KG and CPE. The characteristic 
peaks reflected by each spectrum is a representation of the chemical composition of the 
material and as such differs from one material to another. However, the characteristic 
peaks of each spectrum of the component materials were reflected in the spectrum of CPE 
suggesting that chemical reaction between the materials was minimal during co-processing 
and so the chemical properties of CPE were not modified as a result of co-processing.

Figure 5: FT-IR of CBP, KG, MS and CPE.
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This was further confirmed when the FT-IR spectra of CPE and a physical mixture 
of the three components in their stated proportions were compared in Figure 6. The two 
spectra did not differ significantly implying that co-processing did not cause a chemical 
change to occur and thus the materials can be processed together while maintaining their 
chemical integrity.

Figure 6: FT-IR of CPE and MS-CBP-KG_PM.

The flow properties of CPE were compared to a reference co-processed excipient 
(StarLac®) by evaluating flow parameters like angle of repose, CI and Hausner’s ratio (HR). 
The result of the analysis is presented in Table 6. Both materials reported values of angle 
of repose < 30° suggesting that they possess excellent flow properties. This outcome was 
confirmed by CI and HR which had values less than 20% and 1.2, respectively. Generally, 
materials having CI < 20% and HR < 1.2 tend to flow freely and is characteristic of 
pharmaceutical excipients used in the formulation of tablets by direct compression.

Table 6: Flow parameters for CPE and StarLac®.

Materials
Parameters CPE StarLac®

Angle of repose (°) 24.70 (0.47) 26.90 (0.87)

Bulk density (g/mL) 0.78 (0.02) 0.58 (0.00)

Tapped density (g/mL) 0.91 (0.00) 0.65 (0.00)

HR 1.16 (0.02) 1.19 (0.01)

CI (%) 13.56 (0.68) 15.60 (0.54)

The results of the tablet properties are presented in Table 7. Evaluation of tablet 
parameters shows that there was no significant difference in tablet properties at p < 0.05 
when comparing the tablet parameters of the two different formulations except for the 
disintegration time of tablets that differed significantly. The drug-release profile of the two 
formulations presented in Figure 7 shows that 100% of diclofenac was released in 60 min. 
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Table 7: Tablet properties.

Diclofenac tablets
Properties CPE STD
Mean weight (mg) 203 ± 8.23 199 ± 8.76

Thickness (mm) 2.73 ± 0.05 2.68 ± 0.05

Crushing strength (kgf) 5.08 ± 0.38 4.93 ± 0.38

Disintegration time (min) 5.97 ± 1.11 3.61 ± 0.71

Friability (%) 0.99 0.50

Figure 7: Drug-release profile of CPE and StarLac®.

DISCUSSION

This study aimed to characterise the material properties of a novel excipient generated by 
co-processing CBP, MS and KG in optimal proportions. The concept of co-processing as 
a particle engineering technique has been used by pharmaceutical scientists to generate 
excipients for the pharmaceutical industry. In order to maximise the functionality of CPE in 
tableting, it was necessary to optimise the formulation of CPE. Design of Experiments (DoE) 
was therefore applied to optimise the formulation of CPE.

Analysis of the design as presented in the Results section shows that each 
component of CPE is a contributor to the final quality of CPE in terms of functionality and 
the contribution of each component is based on its inherent functionality as a tableting 
excipient. Tablets of higher TS were generated by formulations of CPE containing a higher 
proportion of KG because this material is used as a binder in tablet formulations (Odeku 
and Itiola 2002; Adenuga et al. 2008). Hence, the more binder in a formulation, the higher 
the compressibility and corresponding tensile strength of the formulation. However, for 
formulations containing a higher proportion of MS, tablets produced were found to have 
lower TS values primarily because MS acts as a disintegrant in tablet formulation (Olayemi, 
Oyi and Allagh 2008; Zámostný, Petrů and Majerová 2012) and therefore opposes the 
action of the binder in a formulation. When compared to the contribution in the formulation 
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of CPE, CBP acts principally as a diluent in tablet formulation and possesses weak binding 
and disintegrating properties making it a poor candidate for direct compression tableting 
(Emenike et al. 2016). Hence, the inclusion of MS and KG into the particle structure of CBP 
is more likely to improve the direct compression properties of CBP.

Particle shape and surface characterisation of CPE particles as revealed by SEM 
analysis shows that there was a transformation in the particle structure and morphology of the 
individual components of CPE after co-processing. Single composite particles of CPE were 
generated having fused together all three components in their various proportions into one 
homogeneous entity. The change in shape and structure of CPE particles can be attributed 
not only to the variation in shape and structure of the individual components but also to 
the method of co-processing. Co-processing by spray drying method generally produces 
particles that are spherical in shape thereby contributing to the enhanced flowability of co-
processed excipients (Chauhan et al. 2017; Rathod et al. 2019; Dong et al. 2018). 

PXRD characterisation of CPE particles revealed a material that is partly crystalline 
and partly amorphous owing to the processing together of materials that are principally 
amorphous (MS and KG) and principally crystalline (CBP) to form a co-processed excipient. 
The analysis also demonstrates compatibility between the three excipients as the diffraction 
integrity of each excipient was maintained in the newly formed excipient, CPE. FT-IR 
analysis also demonstrated a high degree of compatibility between the three excipients 
confirming the absence of chemical change occurring during co-processing. The goal of 
co-processing using any method has always been to engineer the particle structure thereby 
altering physical properties without affecting the chemical integrity of the material (Sharma, 
Modi, and Bansal 2015; Devanshu, Gupta and Kumar 2019). 

Flowability is a critical process to the success of tablet formation by direct 
compression and because the flowability of a tablet formulation of DC is largely dependent 
on the flowability of the DC excipient, it was necessary to evaluate the flow behaviour of 
CPE. The flowability of CPE as assessed by characterising the AoR, CI and HR show that 
it compares well with StarLac. StarLac is a lactose-based CPE containing MS (15%) and 
prepared by spray drying. Similarity in flow properties suggests that CPE can be used as an 
alternative to StarLac as a DC excipient in tablet formation by DC.

The tablets produced by direct compression using CPE as DC excipient met 
the requirements for tablets of acceptable quality. The tablets were sufficiently hard and 
within the limits of acceptable friability. This implies that CPE is sufficiently compressible 
and compactable to produce tablets by direct compression without prior processing 
by granulation. The longer disintegration time observed with the tablets formulated with 
CPE in comparison to those of StarLac® may be attributed to the presence of KG in the 
composition of CPE where it acts as a binder. Binders generally give rise to harder tablets 
which corresponds to longer disintegration time (Batra et al. 2021). However, the extended 
disintegration time of CPE tablets did not exceed the limit permitted for immediate release 
tablets which is 15 min. Hence, both formulations passed the test for disintegration time and 
this led to a robust dissolution of the tablet formulations leading to a maximal release of the 
drug in 60 min. 

CONCLUSION

The material properties of CPE were characterised following the optimisation of the 
formulation of CPE using DoE. Organoleptic properties revealed a material that is 
odourless, tasteless, light brown and coarse in texture having a pH of 7.3 which is neutral. 
The material was found to be partly crystalline and partly amorphous with no change in the 
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chemical integrity of the material after co-processing. Flow properties of CPE were similar 
to those of StarLac, a reference standard. The tablets produced by direct compression 
were acceptable based on the recommended quality for immediate release tablets Hence, 
this study has confirmed the suitability of CPE as a direct compression excipient in the 
formulation of diclofenac tablets by direct compression and can therefore be used as an 
alternative to StarLac® in tablet formulation if the need arises.
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