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Abstract

Background: The search for new pharmaceutical 

excipients with multifunctional properties to meet the 

technical challenges inherent in the formulation of 

drug products containing special pharmacologically 

active compounds possessing complex physico-

chemical characteristics and elaborate technologies in 

their production procedures is continuous. 

Aim: The development of directly compressible 

(DC) co-processed powders (CPPs) containing 

lactose (LTS), Mucuna flagellipes seed gum (Mucuna 

gum) (MG) and Ipomoea batatas tuber starch (potato 

starch) (PS) was undertaken. 

Materials and methods: Batches CPP-A: LTS 

(75%), MG (7.5%), PS (17.5%) and CPP-B: LTS 

(75%), MG (10%), PS (15%) were formulated. 

Homogenized constituents were transferred into a 1-

litre beaker, blended with 80ml of deionized water, 

placed in a water-bath (100
o 

C) and stirred till it 

began to gel. It was removed and stirred for 10 min, 

spread in an oven (50
o 

C) for 1 h and sieved (1.7 

mm), dried to constant weight (50
o 

C) and sieved 

(250 µm). The CPPs were characterized, compressed 

into compacts and evaluated beside their constituent 

materials and MicroceLac
®
-100 (MC-100) as 

controls. 
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Results: The CPPs with improved flowability (CPP-

B>CPP-A>MC-100) and compressibility were 

obtained compared to their starting materials, 

resulting to compacts with mechanical strength: MC-

100 > CPP-B >> CPP-A with CPP-A and CPP-B not 

disintegrating after 30 min. 

Conclusion: The CPP-A or CPP-B could be 

suitable as DC diluent for sustained-release or 

chewable tablets and in producing tablets with low 

dose drug of which a disintegrant may be 

incorporated extra-granularly. 

Keywords: Co-processed powder; Lactose; Mucuna 

flagellipes; Ipomoea batatas 

Introduction 

Pharmaceutical excipients with multifunctional 

properties that could be applied in the formulation of 

drug products containing special pharmacologically 

active compounds or active ingredients (APIs) 

possessing complex physico-chemical characteristics 

coupled with elaborate technologies in their 

production procedures have consistently been 

explored [1]. The excipient is measured as any other 

constituent(s) contained in drug formula other than 

the API. An API is a substance engaged in a 

complete pharmaceutical product, expected to offer a 

therapeutic effect or else assume direct significance 

in the diagnosis, cure, mitigation, management or 

inhibition of disease, etc. [2,3]. Excipients facilitate 

the delivery of the API to the systemic system, taking 

into consideration, the projected route of drug 

administration to maintain improved medication 

compliance, dependability and regulation of drug 

bioavailability and superior drug product stability, 

etc. [4,5]. They are also designed to safeguard the 

firmness of the drug in its formulation media through 

its shelf life and also ensuring the solubility, 

permeation and ease of absorption of the API [3,6-9]. 

With the advancement in novel drug delivery 

systems, further improved excipients are essential to 

impart some features to the pharmaceutical finished 

formulary. The need for multifunctional excipients 

has been the principal motivation for the institution 

of co-processed excipients. Various procedures 

coupled with extensive use of particle-engineering 

and material sciences have been in use to generate a 

new class of powders noted as co-processed 

excipients (CE) [10,11]. Co-processing is an alternate 

approach of introducing new excipients without 

undertaking to go through the demand for safety 

testing of an entirely innovative chemical. In co-

processing, two or more conventional excipients are 

merged by a suitable technology [12] to produce an 

excipient(s) with superior properties and value [13]. 

The Co-processed powders or excipients are 

applicable in the formulation of solid dosage forms 

such as tablets, capsules, powders, etc. due to their 

multi-functionality. Co-processing is adopted in 

producing new excipients to enhance powder 

flowability and compressibility [14]. These enhanced 

characteristics make co-processed excipients very 

useful in direct compression (DC) process of 

tableting since some of them serve as a filler-binder 

[15,16]. The limitation of a co-processed powder is 

that the proportion of each component in a mixture is 

constant and in bringing up another formula, a 

constant portion of the powder may not be an 

optimum choice for the API and dose per tablet under 

development [17]. Examples of co-processed 

excipients include microcrystalline cellulose, 

ludipress (lactose powder coated with 

polyvinylpyrrolidone and crospovidine), starlac 

(lactose monohydrate and maize starch produced by 

spray-drying). Avicel CE-15(microcrystalline 

cellulose and guar gum) and fizlent [18,19]. 
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The objective of the current investigation was to 

come up with a directly compressible excipient by 

co-processing of lactose, starch obtained from the 

tubers of Ipomoea batatas and the polymers derived 

from the kernel of Mucuna flagellipes. 

Starch has frequently been employed as a tablet 

excipient but, does not, in its native state, have the 

two characteristics needed to produce compacts with 

measurable mechanical strength, specifically, 

compressibility and flowability and most especially 

in the DC technique of tableting [20-22]. Though, 

lactose monohydrate in its fine state possesses 

enough surface area for the formation of a good 

tablet, however, it exhibits poor flow [23]. The co-

processing of lactose, potato starch and the gum 

obtained from the kernel of Mucuna flagellipes may 

give rise to a new directly compressible powder that 

could possess better flow and compaction properties. 

The gum extracted from the kernel of Mucuna 

flagellipes has shown usefulness as an emulsifier in 

oil-in-water emulsions, a disintegrant, suspending 

and thickening agent [24-28] in foods and 

pharmaceutical dosage forms [24-28] and has been 

modified to serve as a direct compressible powder in 

tableting [29,30]. Ipomoea batatas is a rich source of 

starch and have been useful as raw materials in the 

food and pharmaceutical industries [31-34]. 

Depending on the application, specific starches are 

available as disintegrants, filler-binders. Though, 

unmodified starch does not compress well and leads 

to elevated tablet friability and capping, especially if 

added in high concentrations. As a diluent, starch is 

included in formulations to ease successive 

homogenization procedures in production processes 

[35-37]. 

Materials and Methods 

Materials 

The following materials were used: acetone, n-

hexane, ethanol (96%), chloroform, hydrochloric acid 

(Sigma-Aldrich, USA), lactose (Surechem, England), 

sodium metabisulphite, calcium chloride anhydrous 

(Vickers Laboratories, England), MicroceLac-100 

(Meggle, USA). 

Methods 

Procurement of Mucuna flagellipes kernel and 

Ipomoea batatas tubers 

About 1 kg of Mucuna flagellipes kernel and 10 kg of 

Ipomoea batatas tubers were procured from Choba 

market, Port Harcourt, Nigeria. 

Processing of gum from the seed of Mucuna 

flagellipes 

The kernel of the Mucuna flagellipes was fragmented 

and dried at 100
o 

C in an oven (Memmert, England) 

for 1h. They were pulverized with a homogenizer 

(Binatone, China) and soaked for 12 h in 0.1 % w/v 

solution of sodium metabisulphite to reduce 

oxidation [38]. The resulting slurry was homogenized 

and strained through a muslin cloth to remove 

particulate materials. The polymer was precipitated 

with acetone in 1:1 of acetone: slurry. The 

precipitated mass was left to dry in a desiccator 

loaded with fused calcium chloride (anhydrous) as a 

drying agent. The dried material was pulverized and 

passed through 150 µm stainless steel sieve 

(Endecott, England). 

Processing of potato starch 

The starch obtained from the Ipomoea batatas tubers 

was submerged in 0.1N hydrochloric acid for 18 h, 

then washed till its pH was neutral. It was kept at 

50°C in a hot air oven to dry to a constant weight 

when it was pulverized and sieved through a 150 µm 

stainless sieve. 
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Preparation of co-processed powders (CPPs) based on lactose (LTS), mucuna gum (MG) and Ipomoea batatas

tuber starch (Potato starch) (PS) 

The CPPs were prepared using the formula presented in Table 1. 

Table 1: Preparation of the CPPs. 

Batch 
Lactose (LTS) (% w/w) Mucuna gum (MG) 

(% w/w) 

Potato starch (PS) (% w/w) 

CPP-A 75.0 7.5 17.5 

CPP-B 75.0 10.0 15.0 

Each batch of the CPPs was prepared by blending the 

respective quantities of the potato starch (PS), 

mucuna gum (MG) and lactose (LTS) (Table 1). The 

powder blend was transferred into a 1- litre glass 

beaker and homogenized with 80 ml of deionized 

water. It was immersed in a water-bath (100
o 

C) and 

stirred until the slurry began to harden when it was 

removed from the water-bath, stirred for 10 min, 

spread out in an oven (50
o 
C) for 1 h, sieved (1.7 mm) 

and left to dry further (50
o 

C) to a constant weight 

and sieved (250 µm). 

Characterization of LTS, MG, PS and CPPs 

The physico-technical properties of the CPPs were 

assessed along with those of the LTS, MG and PS in 

comparison with the MicroceLac
®

-100 (MC-100), a 

commercially available CPP comprising 75% α-

lactose monohydrate and 25% microcrystalline 

cellulose. The CPPs and the LTS, MG and PS were 

referred to as the powders in this report. Each test 

was carried out in triplicate. 

Organoleptic, solubility and pH 

The powders were verified organoleptically for 

colour, odour and texture. The pH of their 2% (w/v) 

aqueous dispersion was evaluated with a pH meter 

(PHS-25, China). 

Densities 

The bulk and tapped densities of a 15 g of each of the 

powders were evaluated with a Stampfvolumeter 

(STAV 2003JEF, Germany). Their particle density 

was evaluated by the displacement method using a 

25.0 ml pycnometer and n-hexane as a non-solvent 

[39-41]. The densities of the powders were calculated 

from equations 1-3. 

                                

                       ……………… (1) 

                                  

                       ………… (2) 

𝑃    𝑐             2 ×   3  𝑉 ( 3 –   4 +

  2 +   )……………….. (3) 

Flow properties  

The funnel method [42] was used to assess the flow 

rate of 30 g of a particular powder. Their angle of 

repose (AR) was established by the fixed funnel 

method as reported by Zeleznik and Renak [43]. 

Using a fixed height of 3 cm from the funnel tip to a 

plane base, each powder was poured through a glass 

funnel of 60
o
 C wall angle and efflux tube length of 5 

cm and 1.1 cm orifice internal diameter till the apex 

of the heap of the powder obtained touched the tip of 

the funnel, thus, stopping the further discharge of the 

powder from the funnel. The width of the heaped 
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powder was estimated. The AR of the samples that 

were not free-flowing was estimated by a 

modification of the methods of Jones and Pilpel, 

1966 [44] as 50 g of powder was poured into a two 

open-ended tubular plastic pipe with a 3 cm internal 

diameter placed on a plane base. The pipe was slowly 

pulled up to let the powder to form a heap whose 

height and diameter was estimated. The flow rate and 

the AR were calculated from equations 4 and 5 

respectively. 

𝐹          𝑀       𝑃           …… (4) 

                       -1  2    ……….. (5) 

Where h = the altitude of the powder heap, d = 

diameter of the powder heap. 

The Hausner ratio (HR) [45], Carr’s index (CI) [46] 

and porosity of the powders were calculated using 

equations 6, 7 and 8 respectively. 

                               

             …………. (6) 

                               

                             ×    … (7) 

𝑃         

                                 ×     …. (8) 

Moisture contents 

The moisture contents of 2 g of the respective 

powders were evaluated with a digital moisture 

balance (Citizen, MB-50, China) at 105
o 
C. 

Hydration capacity 

The hydration capacity of the respective powders was 

assessed by the method of Ring, 1985 [47] by 

weighing 1 g of each powder ( ), placing it in a 15 

ml calibrated plastic centrifuge tube and adding 10 

ml of water. The tube was shaken recurrently over 2 

h period and left to stand for 1 h after which it was 

centrifuged for 10 min at 3000 revolutions per minute 

(rpm). The supernatant liquid was removed and the 

weight of the wet powder,   was determined. 

          𝑐   𝑐           …………….. (9). 

Where   = the mass of wet powder after 

centrifugation,   = the mass of the dry powder. 

Scanning electron microscopy 

The scanning electron micrographs of the LTS, PS, 

MG, CPP-A and CPP-B were obtained using a 

scanning electron microscope (SEM) instrument 

(Zeiss, Germany). 

Differential scanning calorimetry (DSC) 

The DSC thermograms of the LTS, PS, MG, CPP-A 

and CPP-B were obtained using a DSC equipment, 

DSC – 204F1 (NETZSCH, Germany).  

Determination of compactability and dilution 

potential of the CPPs 

Plain compacts targeted to weigh 400 mg were 

produced with CPP-A, CPP-B, MC-100, LTS, PS and 

MG powders at compression pressures of 0.25 tons 

using a 10.5 mm die and flat punches on a hydraulic 

hand press (Model C, Carver Laboratory Press, 

Menomonee Falls, WI. USA). The compacted 

samples were deposited in desiccators overnight 

before the assessment of their weights, thickness, 

hardness, tensile strength and disintegration. Their 

compactability and mechanical strength were 

evaluated and compared considering their tensile 

strength. 

The tensile strength [48] of the compacts were 

calculated using equation 10. 
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                   2𝑃      …………. (10) 

The dilution potential of the CPP-B and CPP-B were 

determined using paracetamol (PCM), metronidazole 

(MTZ) and ascorbic acid (ASBA). The choice of 

PCM among other drugs is due to its poor flowability 

and compressibility [49]. PCM, MTZ or ASBA were 

blended with either CPP-A or CPP-B in the 

proportions of 1:9-9:1 targeting a compact weight of 

400 mg. Each drug-powder admixture was lubricated 

with 0.1% (w/w) magnesium stearate and compressed 

for 30 s at a compression pressure of 0.25 tons using 

a 10.5 mm die and flat punches fitted in the same 

hydraulic hand press described above. The 

compressed tablets were stored in a desiccator for 24 

h before the determination of their diametrical 

hardness using a digital tablet hardness tester 

(Erweka, TBH 100, Germany). 

Statistical Analysis 

The figures were presented as a mean ± standard 

deviation (SD). One-way analysis of variance 

(ANOVA) was used to assess the significance of the 

differences of the groups followed by the Fisher’s 

Least Significant Difference (LSD) post hoc test to 

determine the level of significance. Results with p < 

0.05 were considered statistically significant.

Results  

The results of the evaluations of the physico-

technical properties of the powders were presented in 

Table 2. Figures 1-5 represent the scanning electron 

micrographs (SEM) for lactose, potato starch, 

mucuna gum, CPP-A and CPP-B respectively while 

Figures 6-10 denote the DSC thermograms for 

lactose, potato starch, mucuna gum, CPP-A and CPP-

B respectively. Tables 3 and 4 display the properties 

of the compacts produced with the CPPs and the 

results of the dilution potentials for the CPPs 

respectively.

Table 2: Physico-technical properties of the powders 

Parameter 

Sample 

LTS PS MG CPP- A CPP- B MC-100 

Bulk density 

(g/ml) 

0.50±0.01 0.45±0.01 0.36±0.01 0.62±0.01 0.63±0.01 0.51±0.01 

Tapped density 

(g/ml) 

0.70±0.02 0.70±0.02 0.39±0.01 
0.73±0.003 0.74±0.01 0.63±0.01 

Particle density 

(g/ml) 
1.51±0.21 1.42±0.25 1.01±0.22 1.25±0.01 1.24±0.01 1.50±0.04 

Porosity (%) 66.89±0.20 68.31±0.23 64.36±0.21 50.71±0.03 50.21±0.92 65.83±1.10 

Carr’s index (%) 
28.57±0.21 35.71±0.22 7.69±0.12 16.14±0.06 13.94±0.08 20.21±1.24 

Hausner ratio 1.40±0.21 1.56±0.21 1.08±0.11 1.19±0.02 1.15±0.02 1.25±0.02 
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Angle of repose 

(deg.) 
41.57±0.87 39.82±0.78 28.07±0.32 37.21±0.12 36.08±0.36 26.11±0.78 

Flow rate (g/s) 
No free flow No free flow 

4.56±0.24 14.28±0.10 15.08±0.24 9.78±0.92 

pH (10%w/v) 7.47±0.03 7.34±0.05 6.76±0.03 5.58±0.01 5.61±0.02 6.19±0.08 

Moisture content 

(%) 
4.78±0.13 0.91±0.12 11.50±0.11 6.55±0.06 6.58±0.06 5.11±0.23 

Hydration 

capacity 
1.72±0.12 2.33±0.13 4.33±0.11 1.70±0.02 1.74±0.05 1.14±0.05 

Figure1: Scanning electron micrograph (SEM) for lactose 

Figure 2: Scanning electron micrograph (SEM) for potato starch 
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Figure 3: Scanning electron micrograph (SEM) for mucuna gum 

Figure 4: Scanning electron micrograph (SEM) of the CPP-A 
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Figure 5: Scanning electron micrograph (SEM) of the CPP-B 

Figure 6: DSC thermogram for lactose 
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Figure 7: DSC thermogram for potato starch 

Figure 8: DSC thermogram for mucuna gum 
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Figure 9: DSC thermogram for the CPP-A 

Figure 10: DSC thermogram for the CPP-B 
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Table 3: Properties of the compacts produced with the co-processed powders 

Sample 

Weight 

(mg) 

Thickness 

(mm) 

Hardness 

(kgF) 

Tensile 

Strength 

(kg/m
2
) 

Disintegration 

(min) 

CPP- A 395.50±4.93 2.69±0.01 3.86±0.04 87.08±0.58 Non-

disintegrating  

CPP- B 400.93±1.22 2.70±0.02 9.95±0.13 223.26±3.99 Non-

disintegrating 

MC-100 400.13±0.67 2.61±0.02 10.57±0.16 245.86±3.91 < 10.0 

PS 389.52±2.12 2.46±0.32 1.94±0.52 47.81±2.15 < 1.0 

LTS 399.85±2.25 2.57±0.41 1.99±0.42 46.94±2.31 < 1.0  

MG 388.14±2.23 2.42±0.52 1.47±0.53 38.82±2.24 < 1.0 

Table 4: The results of the dilution potentials for the CPPs 

Co-processed powder 
Dilution potential (%) 

Paracetamol Metronidazole Ascorbic acid 

CPP-A ≥ 80 ≤ 60 ≤ 50 

CPP-B 60-70 ≤ 50 ≤ 40 

MC-100 ≤ 50 ≤ 40 ≤ 40 
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Discussion 

Densities and flow properties 

The results of the physico-technical properties of the 

starting materials (LTS, PS and MG), the CPPs 

(CPP-A and CPP-B) were presented in Table 2. The 

bulk and tapped densities of the LTS, PS and MG 

indicated that these were bulk powders, though, MG 

exhibited lower bulk density and porosity compared 

to the LTS and PS (p < 0.05). The statistical contrast 

of the bulk and tapped densities of the LTS, PS and 

MG indicated a significant variation between them 

and suggests that the powders have poor flow 

characteristics, especially the LTS and PS. The 

values obtained for the Carr’s index, Hausner ratio 

and angle of repose for the LTS and PS confirm their 

poor flow properties. The corresponding values of the 

bulk and tapped densities of CPP-A and CPP-B were 

statistically similar and were higher than that of the 

MC-100 (p < 0.05). A statistical assessment of the 

bulk and tapped densities of the CPP-A, CPP-B and 

MC-100 showed a significant variation in their values 

(p < 0.05), indicating that, though the CPP-A and 

CPP-B may be compressible, they exhibit poor 

flowability. This inclination is possible since the 

interparticulate interfaces prompting the bulk 

characteristics of a pulverized solid material are 

similarly the same contacts that impede the flow of 

powdered solid substances as the contrast of the bulk 

and tapped densities offer a degree of the 

comparative significance of these interfaces in a set 

of powder. Such an assessment as Carr’s index (CI) 

or the Hausner ratio (HR) has often been used as a 

guide to estimate the flowability of a powder. These 

two factors define the inclination of a powder to be 

compressed and as such, they indicate the capability 

of powder to consolidate and they equally give room 

for the evaluation of the relative status of 

interparticulate interactions [50,51]. Powders that 

statistically display variations in the values of their 

respective bulk and tapped densities exhibit 

cohesiveness and may not have a very perfect flow 

properties [52]. 

A CI >25 % is predictable to display poor flow 

properties and the CI <15 % is expected to exhibit an 

enhanced flowability [46, 47]. The flowability of the 

CPPs could therefore be presented as CPP-B > CPP-

A > MC-100 (p < 0.05) and could be confirmed 

considering the low value of HR for the CPP-B 

coupled with its high flow rate (Table 2) [45,46]. 

Moisture properties 

The moisture content of the CPPs and the MC-100 

were recorded as MC-100 < CPP-A < CPP-B (Table 

2). The statistical breakdown indicated that there was 

no significant variation in the values of moisture 

contents for the CPP-A and CPP-B, hence, the results 

could be presented as (CPP-A = CPP-B) > MC-100 

(p < 0.05). For the hydration capacity of the CPPs, a 

consistent increase in values was recorded between 

the CPP-A and CPP-B, with the MC-100 exhibiting 

the lowest value. The statistical examination of these 

results showed that there was no statistical disparity 

in the results for the CPP-A and CPP-B (p > 0.05), 

however, they were higher than that of the MC-100 

(p < 0.05). The low hydration capacity and moisture 

content of the MC-100 may be due to its crystalline 

constituents, microcrystalline cellulose and α-lactose 

monohydrate as it has been documented that the 

crystalline component of solid materials does not get 

easily hydrated, but, the amorphous component does 

[53]. It has been noted that the native starch is semi-

crystalline with a varying level of crystallinity that is 

associated with the amylopectin component [54], 

while the amorphous regions represent amylase. The 

MG on its own is a fully amorphous polymer. The 

composition of the CPP-A and CPP-B were not fully 

crystalline to the extent of the crystalline state of the 

constituents of the MC-100 and this could be the 

reason for their exhibition of higher values in 
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hydration capacity and moisture content than MC-

100. 

Scanning electron microscopy (SEM) 

The scanning electron micrographs for the original 

constituents of the CPPs, the LTS, PS and MG were 

shown in Figures 1-3 respectively while Figures 4 

and 5 represent the scanning electron micrographs for 

the CPP-A and CPP-B respectively. The particle size 

of the CPPs was in the neighbourhood of 20 µm. The 

CPP-A and CPP-B exhibited morphological 

structures and size distribution that were different 

from those of the LTS, PS and MG (Figures 1-3).

The features demonstrated in the CPP- A (Figures 4) 

and the CPP- B (Figure 5) respectively were larger 

with a polyhedral shape, having a rough surface 

texture as compared to those in LTS (Figures 1), PS 

(Figure 2) and MG (Figure 3) which were smaller 

with smooth surface textures. The representations in 

the CPP-A (Figures 4) and CPP-B (Figure 5) 

depicted similar morphological characteristics in 

terms of size, shape, surface structure and texture, 

though, those of the CPP-A (Figure 4) has more 

particles in the larger particle size range than those in 

the CPP-B (Figure 5). These results indicate the 

possible development of a new powder from the base 

materials, LTS, PS and MG. 

The DSC thermogram of LTS, PS, MG, the CPP-A 

and CPP-B were presented in Figures 6-10 

respectively. The thermograms for LTS (Figure 6) 

shows two peaks, 146.7
o 

C and 218.5
o 

C; PS (Figure 

7) displayed a glass transition with onset at 78.7
o 

C 

and ended at 105.6
o
 C, transiting into another phase 

that displayed two melting peaks at 278.7
o 

C and 

318.4
o 

C respectively; MG (Figure 8) displayed a 

glass transition between the temperatures of 80.7
o 

C 

to 105.
o 

C, transiting into a crystalline material with 

melting peak at 316.7
o 

C, an exothermic process. 

Figures 9 and 10 represent the DSC thermogram for 

the CPP-A and CPP-B. In Figure 9, two melting 

peaks were observed at 152.2
o 

C and 220.4
o 

C while 

Figure 10 exhibited two melting peaks at 150.4
o 

C 

and 217.7
o 

C. The peaks in Figures 9 and 10 were 

observed to vary from those of the original materials, 

LTS (Figure 6), PS (Figure 7) or MG (Figure 8). 

These observations illustrated a possible development 

of new materials through the co-processing of LTS, 

PS and MG in the respective proportions presented in 

Table 1. 

Properties of the compacts  

The properties of the compacted samples generated 

from the CPP-A, CPP-B and the MC-100 were 

presented in Table 3. 

Compact mean weight 

The results showed that the coefficient of variations 

of the compact mean weights was within the range of 

0.17-1.25%. They were respectively lower than 5% 

which is the pharmacopoeia acceptable limit for 

tablets or compacts weighing up to 250 mg or more 

[55]. 

Compact mechanical strength 

The LTS, PS and MG powders were fairly 

compactable as depicted by their low values of 

compact hardness and tensile strength (Table 3). The 

hardness of the compacts produced with the CPP-A 

was significantly less than those of the CPP-B and 

the MC-100 (p < 0.05). Oral tablets could possess the 

hardness of 4 -10 kg whereas hypodermic and 

chewable tablets are expected to be softer (  3 kg) 

while some sustained-release tablets are anticipated 

to be harder (  10-20 kg) [56, 57]. The tensile 

strength of the respective compacts produced with 

CPP-A, CPP-B and MC-100 appeared in a similar 

trend as in their respective hardness. The compacts 

produced with the CPP-A were mechanically weak 

and were statistically lower than those of the CPP-B 
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and the MC-100 (p > 0.05). The CPP-B was therefore 

considered to be comparable to MC-100. The 

mechanical properties of the compacts could 

therefore be presented in the order: MC-100 > CPP-B 

> CPP-A > PS > LTS > MG (p < 0.05). It was 

recorded that the compacts prepared with the CPP- A 

and CPP-B failed to disintegrate after 30 min 

whereas those produced with MC-100 disintegrated 

in ≤ 10 min and < 1 min for LTS, PS and MG 

respectively. Improved compact mechanical 

properties of the CPPs against the original materials 

from which they were co-processed indicates that 

changes in the physical properties of LTS, PS and 

MG may have occurred resulting to the co-processed 

powders with improved compactability. Since 

compacts produced with CPP-A and CPP-B were 

non-disintegrating, they may be useful in the 

formulation of chewable or sustained-release tablets 

and could also serve as a directly compressible 

diluent in the tableting of immediate-release solid 

dosage formulas containing low dose drugs of which 

a disintegrant may be added extra-granularly. 

Scientific literature abounds with co-processed 

excipients with multiple benefits [58-60]. Menon, et 

al., 1996 presented a co-processed excipient made up 

of corn starch and polyvinylpyrrolidone which 

demonstrated high flowability and compressibility 

[61]. Ratnaraj and Reilly, 1997 manufactured a co-

processed powder for a chewable tablet using 

microcrystalline cellulose and guar gum which 

exhibited enhanced compressibility and mouth feel 

[62]. Limwong et al., 2004 developed a composite 

powder containing rice starch and microcrystalline 

cellulose applicable as a directly compressible 

excipient and exhibited compressibility that was 

greater than the commercial spray-dried rice starch 

(Eratab), co-processed lactose and microcrystalline 

cellulose (Cellactose), and agglomerated lactose 

(Tablettose), but, lower than microcrystalline 

cellulose (Vivapur 101) [63]. 

Lang (1991) reported a blend of lactose, PVP and 

crospovidone which was produced through spray 

drying, spray granulation or wet granulation 

method. The novel direct tableting auxiliaries 

exhibited good flow, good compressibility under 

low pressure, excellent disintegration properties 

coupled with great hardness and low abrasion Lang 

(1991) reported a blend of lactose, PVP and 

crospovidone which was produced through spray 

drying, spray granulation or wet granulation 

method. The novel direct tableting auxiliaries 

exhibited good flow, good compressibility under 

low pressure, excellent disintegration properties 

coupled with great hardness and low abrasion Menon 

et al. (1996) described a co-processed excipient 

consisting of cornstarch and polyvinylpyrrolidone 

produced using fluid bed spray granulation method. 

The invention is free-flowing and exhibits good 

compressibility [60]. Ratnaraj and Reilly (1997) 

produced a co-processed excipient for the chewable 

tablet by thoroughly mixing an aqueous dispersion 

of MCC and guar gum under high shear conditions 

at room temperature. The homogenous dispersion 

was then spray dried to an aggregate powder having 

substantially spheroidal-shaped particles. The 

excipient has improved compressibility and mouth 

feel. It reduces tooth packing [62]. 

Dilution potentials of the CPPs 

The dilution potential of the CPP-A, CPP-B and MC-

100 are as shown in Table 4. The values presented 

depicts the level at which the compression of the 

powder blends yielded a tablet with fairly measurable 

hardness close to or above 3 kgf with the application 

of a uniform compression load of 0.25 tons. 

Dilution potentials 

The dilution potentials of the CPPs as determined are 

shown in Table 4. 
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Conclusion 

The co-processing of LTS, PS and MG resulted to 

new CPPs coded as the CPP-A and CPP-B with 

varying properties from their starting materials as 

displayed in their scanning electron micrographs, 

DSC thermograms, compaction characteristics and 

other physico-technical properties of the original 

materials in contrast to the co-processed powders. 

Enhanced powder flowability was recorded with the 

CPP-A and CPP-B compared to the LTS, PS, MG 

and MC-100 with CPP-B exhibiting the best flow 

properties. Though the CPPs exhibited an improved 

compactability compared to LTS, PS and MG, higher 

tensile strength was recorded with the compacts of 

the CPP-B than CPP-A, though, MC-100 was the 

highest of all, hence, compactability could be 

presented as MC-100 > CPP-B > CPP-B (p < 0.05). 

The compacts produced with the CPP-A or CPP-B 

could not disintegrate after 30 min in contrast to the 

MC-100 which disintegrated in ≤ 10 min. Since the 

compacts produced with CPP-A or CPP-B were non-

disintegrating, they may be suitable as directly 

compressible diluents for the compression of 

sustained-release or oral chewable tablets. It may also 

be useful as a directly compressible diluent in low 

dose drugs where a disintegrating agent may be 

incorporated extra-granularly. 
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