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Abstract A work has been done to study the effects of

material properties and compression speed on microbial

survival and tensile strength in diclofenac tablet formula-

tions. Tablets were produced from three formulations

containing diclofenac and different excipients (DC, DL and

DDCP). Two types of machines (Hydraulic hand press and

single punch press), which compress the tablets at different

speeds, were used. The compression properties of the

tablets were analyzed using Heckel and Kawakita equa-

tions. A 3-dimensional plot was produced to determine the

relationship between the tensile strength, compression

speed and percentage survival of Bacillus subtilis in the

diclofenac tablets. The mode of consolidation of diclofenac

was found to depends on the excipient used in the formu-

lation. DC deformed mainly by plastic flow with the lowest

Py and Pk values. DL deformed plastically at the initial

stage, followed by fragmentation at the later stage of

compression, whereas DDCP deformed mainly by frag-

mentation with the highest Py and Pk values. The ranking of

the percentage survival of B. subtilis in the formulations

was DDCP [ DL [ DC, whereas the ranking of the tensile

strength of the tablets was DDCP [ DL [ DC. Tablets

produced on a hydraulic hand press with a lower com-

pression speed had a lower percentage survival of micro-

bial contaminants than those produced on a single punch

press, which compressed the tablets at a much higher

speed. The mode of consolidation of the materials and the

speed at which tablet compression is carried out have

effects on both the tensile strength of the tablets and the

extent of destruction of microbial contaminants in dic-

lofenac tablet formulations.

Keywords Microbial survival � Plasticity �
Fragmentation � Compression speed � Tabletting

Introduction

Compaction of pharmaceutical powdered solids is the

simultaneous processes of compression and consolidation

of a two-phase (particulate solid–gas) system, which arises

from the application of a force. Compression is a decrease

in the bulk volume of materials as a result of the dis-

placement of a gaseous phase, while consolidation is an

increase in the mechanical strength of the materials due to

particle–particle interactions (Marshal 1986). The pro-

cesses of compaction involve the application of external

forces which result in closer repacking of the powder

particles. This results in volume reduction. As the load

increases, rearrangement becomes more difficult and fur-

ther compression involves some type of particle deforma-

tion. If on the removal of a load, the deformation is to a

large extent spontaneously reversible, i.e. it behaves like

rubber, then the deformation is said to be elastic.

With several pharmaceutical materials, such as acetyl-

salicylic acid and microcrystalline cellulose, elastic defor-

mation is the dominant mechanism of compression within

the range of maximum force normally encountered in

practice.

However, in other groups, the elastic limit or yield point

is reached and loads above this level result in deformation

not immediately reversible upon removal of the applied

force. Bulk volume reduction in these cases results in

plastic deformation and/or viscous flow of the particles,
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which are squeezed into the remaining void spaces

resembling the behavior of modeling clay. The mechanism

of plastic deformation predominates in materials, in which

the shear strength is less than the tensile or breaking

strength. On the other hand, when the shear is greater,

particles may be preferentially fractured and the smaller

fragments then help fill up any adjacent air spaces. This

most likely occurs with hard brittle materials, and is known

as brittle fracture e.g. sucrose behaves in this manner. The

predisposition of a material to deform in a particular

manner depends on the lattice structure, in particular

whether weakly bonded, lattice planes are inherently

present. It was reported that the dominating compression

mechanism depends on the mechanical properties of the

materials (Sun and Grant 2001).

The shear stress manifested during compression has an

effect on the survival of microorganisms in the formula-

tions. This shear stress depends largely on the principal

mode of consolidation of the materials. It is therefore

essential to establish a relationship between the compres-

sional characteristics and survival of microorganisms in the

formed tablets.

Certain parameters for materials are derivable from

density measurement, Heckel (1961a, b) and Kawakita

(Kawakita and Ludde Kawakita et al. 1997) equations.

These parameters were used to analyze the compressional

characteristics of diclofenac formulations and a relation-

ship between the mode of consolidation and microbial

survival in diclofenac formulations was established. This

work also examined the effect of the compression speed on

the compressional properties of materials, tensile strength

and survival of microbial contaminant in diclofenac tablet

formulations.

Diclofenac was used in this study due to its poor com-

pressibility when compressed on its own without an

excipient. Works have been done to demonstrate satisfac-

tory release profiles for diclofenac sodium when xanthan

gum and Khaya gum were used in the formulation. Dic-

lofenac requires excipients to overcome the capping

problem encountered in the formulation. Lactose, dical-

cium phosphate and microcrystalline cellulose (Avicel) at a

drug: excipient ratio of 1:1 have been used (Sujja-areevath

et al. 1996). Bacillus subtilis, a spore forming bacterium

was chosen as the microbial contaminant due to its resis-

tance to destruction by both physical and chemical attack.

Materials and methods

Materials

The materials used were Diclofenac (Unique Chemicals,

Gujarat, India.), Cornstarch, Dicalcium phosphate (DCP)

and Lactose (Sam Pharmaceuticals, Ilorin, Nigeria), Gela-

tin BP(Hopkins and Williams, Chadwell Health, Essex,

UK.), Bacillus subtilis spores (Laboratory stock culture,

Department of Veterinary Microbiology and Parasitology,

University of Ibadan), Nutrient agar pH 6.0, Nutrient broth

pH 6.8, Saboraud dextrose agar pH 5.6, and MacConkey

broth (Department of Pharmaceutical Microbiology, Uni-

versity of Ibadan.).

Methods

Preparation of diclofenac formulations

Diclofenac formulations were made from binary mixtures

of Diclofenac and Corn starch, Diclofenac and Lactose,

and Diclofenac and dicalcium phosphate (DCP). The for-

mulations were prepared by mixing the powders in the

proportions listed in Table 1. Each batch was mixed for

5 min in a Kenwood planetary mixer (Erweka, Heusen-

tamm, Germany). The powder mixtures were then stored in

air tight containers and labeled appropriately.

Preparation of inoculum

An overnight culture of 18 h was prepared from Bacillus

subtilis spores (Laboratory stock culture obtained from

Department of Veterinary Microbiology and Parasitology,

University of Ibadan). 1 ml of the overnight culture was

placed in 9 ml of sterile distilled water and 2 ml of the

culture was placed in sterile glass mortars and allowed to

dry at 37 �C for 48 h.

Contamination of the materials

Quantities (10 g) of the Diclofenac formulations were

gently mixed in the contaminated glass mortars using the

method of increasing quantities to give an even dispersion

of the contaminating organism within the individual sam-

ples. Viable counts of microbial contaminants were carried

out on the contaminated and uncontaminated materials.

Preparation of granules

Batches (250 g) of Diclofenac formulations were used.

Each formulation was dry-mixed for 5 min in a Kenwood

Table 1 Formulations and proportions of their constituents

Formulation Constituents/proportion

DC Diclofenac (50 %W/W) ? Corn starch (50 %W/W)

DL Diclofenac (50 % W/W) ? Lactose (50 % W/W)

DDCP Diclofenac (50 % W/W) ? DCP (50 % W/W)
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planetary mixer and moistened with 30 ml of distilled

water. Massing was continued for 5 min and the wet

masses were granulated by passing them manually through

a number 12 mesh sieve (1,400 lm). The granules pro-

duced were dried in a hot air oven for 18 h at 50 �C and

therreafter re-sieved through a number 16 mesh sieve

(1,000 lm). The granules were stored in air tight contain-

ers. The granule size (500–1,000 lm) was collected sepa-

rately from each batch and stored in air-tight containers and

used for the rest of the studies.

Bulk and tap densities

Loose bulk density

The loose bulk density, Do, of each diclofenac formulation

granules was determined at zero pressure by pouring 20 g

each of the materials through a funnel at an angle of 45�
into a 50 ml measuring cylinder with a diameter of 2.3 cm.

The bulk volume (Vo) and loose bulk densities (Do) of the

formulations were determined.

Tapped density

The tapped volume of each of the diclofenac formulation

granules was determined by pouring 20 g of each powder

into a 50 ml measuring cylinder. The materials were then

subjected to various numbers of taps in the cylinder

according to British Standard 1,460 (38 taps per minute).

Values of tapped volume (VN) for the materials were

determined at intervals of 25 taps. Tapped density Db

values were determined from the tapped volume. The

determinations were carried out in quadruplicate.

Particle density

The particle densities of corn starch, lactose, dicalcium

phosphate (DCP) and Diclofenac formulation granules

were determined using the pycnometer method with xylene

(a non-solvent) as the displacement fluid. A 50 ml pyc-

nometer bottle was first weighed empty (W), and then filled

with xylene until it began to overflow. The excess was

wiped off. The bottle with the xylene was weighed (W1).

The difference between the two weights was calculated

(W2). Two grams of the powders (W3) was transferred to

the bottle. The xylene over flowed and the excess was

wiped off the bottle. The bottle with the content was

weighed (W4). The particle density (qs) of the powder was

calculated using the following equation:

qs ¼W2 �W3=50 W3 �W4 þW2 þWð Þ g=cm3
� �

ð1Þ

Preparation of Tablets

Quantities (500 mg) of the 500–1,000 lm fractions of the

contaminated and uncontaminated diclofenac formulations

were compressed for 1 min into tablets with pre-deter-

mined loads using two types of machines that compress the

tablets at different speeds: a Single punch press (Erweka

GMBH Heusentamm AR 400), which compresses at a

relatively faster speed and a Carver hydraulic Hand press

(Model C, Carver Inc, Menomonee falls, Wisconsin, USA),

which compresses at a much slower speed. Compression on

the single punch press was performed at different speeds of

20, 40, 80 and 120 mm per second. Before each com-

pression, the dies (12.5 mm diameter) and flat-faced pun-

ches were lubricated with a 2 % w/v dispersion of

magnesium stearate in ether. After compression, the tablets

were stored in air tight containers for 24 h to allow for

elastic recovery and hardening and to prevent falsely low

yield values. The weights and dimensions of the tablets

were determined to within ± 1 mg and 0.01 mm respec-

tively. The relative densities (D) of the tablets were cal-

culated using the following equation:

D ¼W=Vt � qs ð2Þ

where D = relative density of the tablet, Vt = volume of

the tablet and qs = Particle density of the material.

Determination of Compressional properties

of Diclofenac Formulations

The compressional properties of the formulations were

determined using the Heckel and Kawakita plots.

Heckel Plots

The Heckel equation is used widely for determining the

relative density, D, of a powder bed during compression to

the applied pressure, P (Alebiowu and Itiola 2001). Heckel

plots of ln [1/(1 - D)] against the applied pressure, P, in

MN m-2 were plotted for the different powders. The val-

ues of K and A were obtained from the slopes and inter-

cepts of the plots, respectively. The equation is written as

follows:

ln 1= 1� Dð Þ½ � ¼ KPþ A ð3Þ

The slope of the straight line portion, K, is the reciprocal

of the mean yield pressure, Py of the material. From the

value of the intercept, A, the relative density, Da can be

calculated using the equation,

Da ¼ 1� e�A ð4Þ

The relative density of the powder bed at the point when

the applied pressure equals zero, D0, was used to describe
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the initial rearrangement phase of densification as a result

of die filling. The relative density, Db, describes the phase

of rearrangement at low pressure and is the difference

between Da and D0:

Db ¼ Da � D0 ð5Þ

Kawakita Plots

The Kawakita equation was used to evaluate powder

compression using the degree of volume reduction, C

(Alebiowu and Itiola 2001). The volume of each sample at

zero pressure, Vo was determined. The volume of the

tablets at different compression pressures (Vp) and the

degree of volume reduction (C) were also calculated.

Kawakita plots of P/C as a function of the applied pressure

(P) were made for the different formulations. The values of

a and b were obtained from the slope and intercept

respectively. The reciprocal of b yields a pressure term Pk,

which is the pressure needed to reduce the volume of the

powder bed by 50 % (Shivanand and Sprockel 1991) and is

related to the plasticity of the material. The equation is

written as follows:

C ¼ V0 � Vp=V0 ¼ abP=1þ bP ð6Þ

The equation in practice can be rearranged to give

P=C ¼ P=aþ 1=ab ð7Þ

Determination of Microbial Survival

Viable counts were carried out on the compressed tablets of

both contaminated and uncontaminated formulations.

These were compared with the number of viable cells of

uncompressed contaminated formulations.

Approximately 1 g of contaminated (or uncontaminated)

tablets was disintegrated in 9 ml of sterile distilled water.

The resultant suspension was serially diluted and 1 ml

volume of a 1 in 100 dilution was transferred immediately

into 10 ml melted (but cooled) nutrient agar. Using the

pour-plate method, the content of the nutrient agar bottle

was transferred to a sterile Petri dish. The agar was allowed

to set and was incubated at 37 �C for 24 h. Survival, esti-

mated as the mean of quadruplicate determinations, was

expressed for the contaminated tablets as a percentage rel-

ative to the uncompressed control contaminated materials.

Table 2 Values of Py, Pk, relative density (D) and percent survival of Bacillus subtilis spores at different compression pressure (P) for diclofenac

formulations

Formulation Compression pressure,

P (MN m-2)

Relative

density (D)

Ln (1/1 - D) P/C Py PK Log percent

survival (%)

DCS 28.31 0.812 1.671 37.798 105.263 0.217 1.333

56.620 0.814 1.682 75.532 1.296

84.93 0.843 1.852 112.047 1.232

113.230 0.855 1.931 148.625 1.204

141.540 0.858 1.952 185.628 1.111

169.85 0.875 2.079 221.448 1.053

198.160 0.888 2.189 259.447 0.907

226.46 0.902 2.333 292.555 0.783

DL 28.31 0.818 1.704 39.874 112.369 0.328 1.432

56.620 0.837 1.814 78.983 1.364

84.93 0.850 1.897 117.845 1.338

113.230 0.868 2.025 155.789 1.272

141.540 0.890 2.207 192.912 1.168

169.85 0.917 2.489 229.345 1.083

198.160 0.941 2.830 264.835 1.032

226.46 0.944 2.882 302.347 0.930

DDCP 28.31 0.821 1.720 36.455 312.500 0.441 1.525

56.620 0.843 1.852 72.348 1.476

84.93 0.852 1.911 108.165 1.435

113.230 0.878 2.104 143.262 1.371

141.540 0.901 2.313 177.723 1.338

169.85 0.918 2.501 212.351 1.303

198.160 0.944 2.882 246.152 1.274

226.46 0.960 3.219 280.105 1.177
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Tensile Strength Tests

The tensile strength of the tablets was determined at room

temperature by diametrical compression (Fell and Newton

1970; Ayorinde and Itiola 2005) using a tablet hardness

tester (DBK INSTRUMENT, MUMBAI-400060, Mod-

el:EH01). The tablet was placed between the platen of the

tester and the adjustable knob was screwed until contact

was made with the tablet. Sufficient pressure was applied to

cause tablet breakage. The crushing strength was read on

the tester. The results were taken only from tablets that

split cleanly into two halves without any signs of lamina-

tion. All measurements were performed in quadruplicate.

The radial tensile strength, T (MN m-2) of the tablets was

calculated using the equation:

T ¼ 2F/pdH ð8Þ

Results

The results in Table 2, Figs. 1 and 2 show the change in

relative density (D) of the tablets as a function of the

compression pressure. The relative density increased with

increasing compression pressure in the diclofenac formu-

lations. The inverse plasticity parameters (Py and Pk) were

highest in DDCP with the ranking DDCP [ DL [ DCS.

The percentage survival of the Bacillus subtilis spores in

the tablets was lowest in DCS; the ranking was DDCP [
DL [ DCS.

In Table 3, the tensile strength of the tablets decreased

with increasing compression speed in all formulations. The

percentage survival of the microbial contaminants in the

tablets increased with increasing compression speed.

Fig. 1 a Representative Heckel plots for diclofenac formulations. b Representative Heckel plots for diclofenac formulations showing regression

values

Fig. 2 Representative Kawakita plots for diclofenac formulations
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Figure 3 shows the effect of the tensile strength and

compression speed on the survival of Bacillus subtilis in a

diclofenac tablet in a 3-D plot.

Discussions

Compressional Properties of Materials

Heckel Plots

The changes in relative density of materials with com-

pression pressure for the diclofenac formulations are pre-

sented in Table 2. The values of K and A were respectively

obtained from the slopes and intercepts of the plots of ln

(1/1 – D) against applied pressure (Fig. 1). The relative

densities DA and DB were obtained using the following

equations.

A ¼ ln 1=1� DA ð9Þ

Thus,

DA ¼ 1� e�A ð10Þ

and

DB ¼ DA � Do ð11Þ

The curve experienced at low compression pressures

(initial phase of compression cycle) indicates rearrange-

ment and particle fragmentation (Duncan-Hewitt and

Weatherly 1990). As compression increases, the higher

linearity obtained indicates plastic deformation (Georget

et al. 1994, Ayorinde et al. 2005).

High linearity with correlation coefficients [ 0.95 were

obtained at the second phase of the plots, which generally

commenced at applied pressure of 113.230 MN m-2 for

diclofenac formulations. Such high linearity is often

experienced with comparatively soft materials that undergo

plastic deformation while retaining different porosities

depending on the initial packing arrangement in the die.

Previous studies by Ayorinde et al. (2005) had shown

the mode of consolidation of the excipients (dicalcium

phosphate, lactose and Corn starch). The Heckel plots for

dicalcium phosphate and lactose showed initial curves

followed by linear regions. The initial curve suggests that

fragmentation and particle rearrangement were occurring

during the initial stages of compression. Lactose, is a brittle

crystalline material, whose compacts are consolidated by

both plastic deformation and fragmentation; it consolidates

by fragmentation at the initial stages of the compression

cycle and then by plastic deformation at the latter stages

(Armstrong and Palfery 1989). Dicalcium phosphate con-

solidates almost entirely by fragmentation (Zhang et al.

2003). Corn starch was shown to deform mainly by plastic

flow (Paronen and Juslin 1983; Ayorinde et al. 2005,),

which is shown by the absence of an initial curve in its

Heckel plots.

Representative Heckel plots for diclofenac formulations

are shown in Fig. 2. The mode of consolidation of the

diclofenac formulations was found to be dependent on the

nature of the excipient present in the formulation. Formu-

lations containing corn starch (DCS) deformed mainly by

plastic flow, whereas DDCP, which contained the fractur-

ing dicalcium phosphate, consolidated mainly by frag-

mentation. DL showed an initial curve at the early stages of

compression, followed by plastic deformation at the latter

stage, which is similar to what was obtained with lactose.

These results show that the mode of consolidation of the

Table 3 Values of tensile strength and log percent survival of

Bacillus subtilis spores at different compression speed

Formulation Compression

speed (mm/s)

Tensile strength,

T (MN m-2)

Log percent

survival (%)

DCS [20 0.318 0.780

20 0.140 1.322

40 0.136 1.366

80 0.130 1.405

120 0.124 1.435

DL [20 0.331 0.930

20 0.161 1.402

40 0.156 1.437

80 0.150 1.467

120 0.146 1.515

DDCP [20 0.292 1.177

20 0.170 1.582

40 0.150 1.608

80 0.165 1.629

120 0.152 1.616

Fig. 3 3-D plot of the relationship between tensile strength,

compression speed on log percent survival of Bacillus subtilis in

Diclofenac tablet formulations
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drug, diclofenac, is largely dependent on the nature of the

excipient used in the formulation.

The plastic deformation of particles can be attributed to

glide (or slip), twinning and kinking, all in simple shear

(Bandyopadhyay and Grant 2002). Plastic deformation by

slip occurs along specific planes known as slip planes and

along specific directions. Mechanical twinning involves the

bending of the crystal lattice by shearing parallel to a

crystallographic plane, whereas kinking is the bending of

the crystal lattice in platy minerals e.g. micas. Fracture in

brittle materials is associated with crystal lattice defects

and imperfections.

Parameters Derived from Heckel Plots

(Mean Yield Pressure Py and Pressure term, Pk)

The yield pressure is defined as the stress at which plastic

deformation of the particles is initiated and can be derived

from the linear part of the Heckel plot. As far as the non-

linear part of the plot is concerned, the initial curvature at

low pressure reflects particle fragmentation and rear-

rangement, whereas the deviation from a straight line at

high pressure may be caused by capping and lamination of

the powder. The Heckel plots and the parameters derived

are quite sensitive to variations in the experimental con-

ditions, such as the maximum compression pressure

applied (Sonnergaard 1999). The mean yield pressure, Py,

is inversely proportional to the ability of a material to

deform plastically, and indicates the rate of onset of plastic

deformation occurring in a material. The values of Py were

calculated from the slope of the second compression region

of the Heckel plots for the materials. The ranking of Py

values among diclofenac formulations was DDCP [
DL [ DCS, indicating that the onset of plastic deformation

occurred at the lowest pressure in DCS. Moreover, corn

starch as an excipient will induce a faster onset of plastic

flow in diclofenac formulations than either lactose or

dicalcium phosphate. Furthermore, the formulation con-

taining dicalcium phosphate generally exhibits high Py

values. This is expected because dicalcium phosphate has

been shown to be the least plastic compared to lactose and

corn starch.

The inverse of constant b gives another pressure term, Pk,

which has an inverse relationship with the plasticity of

materials. The value of Pk, which represents the pressure

required to reduce the powder bed by 50 % and is related to

the yield stress of the individual powder or granule particle

(Adam et al. 1994; Georget et al. 1994), are also presented

in Table 2. Low Pk values indicate that the material is soft

and readily deforms plastically under pressure. The rank-

ing of Pk among the diclofenac formulations was

DDCP [ DL [ DCS. The difference was significant

(P \ 0.01). This shows that cornstarch imparted the highest

level of plasticity to diclofenac, as evidenced by the lowest

Pk value in the formulation containing cornstarch. This also

suggests that corn starch can increase the softness of the

formulation as well as its ability to deform plastically under

pressure more than lactose and dicalcium phosphate.

Material Properties and Microbial Survival

It was generally observed that percent survival of Bacillus

subtilis spores was least in the formulation containing corn

starch (Table 2). The ranking of the reduction of viability

of the microorganism was DCS [ DL [ DDCP. DCS, DL

and DDCP showed a 94 %, 90 % and 88 % decrease in

viability, respectively, at the highest compression pressure

of 226.46 MN m-2.

DCS, which has the highest degree of plastic deforma-

tion among the diclofenac formulations, as evidenced by

low Py and Pk values, had the lowest level of microbial

survival in the formed tablets. This suggests that plastically

deforming cornstarch exhibits the highest decrease in via-

bility of the microbial contaminants, whereas dicalcium

phosphate exhibits the least. Previous studies showed that

shearing forces and localization heat are the main mecha-

nisms of microbial death during compaction (Plumpton

et al. 1986; Ayorinde et al. 2005). The main mechanism of

consolidation for corn starch is by plastic deformation,

which causes a high localized shear flow. Under com-

pression pressure, this would lead to greater interparticulate

contact, which would enhance the mechanical disruption of

the microorganisms to a greater level. Therefore, the for-

mulation containing corn starch exhibited greater surface

disruption and destroyed more microorganisms that were

bonded to or in the formulations than the brittle materials.

DL and DDCP, through a fracturing mechanism, can

rearrange and fill the available void spaces, thereby

decreasing the area of interparticle contact in the materials.

This fragmentation produces a lower level of shear flow in

the materials compared to plastic deformation. Therefore,

in this case, microorganisms would probably be inactivated

to a smaller extent by shearing.

These results suggest that the compression of plastically

deforming materials would cause a higher level of bacterial

inactivation in the formed tablets than fracturing materials.

A supportive mechanism involved in the destruction of

microorganisms is the heat generated by friction during

tabletting, which should be higher for plastically deforming

materials (Fassihi and Parker 1977; Ayorinde et al. 2005).

Therefore, the compressional characteristics of the mate-

rials, as described by the parameters obtained from the

Heckel and Kawakita plots, may provide some indication

of the likelihood of survival of microorganisms in phar-

maceutical materials during tabletting.
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Material Properties and Tensile Strength

Tensile strength indicates how a material will react to

forces being applied in tension. A tensile test is a funda-

mental mechanical test that determines the modulus of

elasticity, elastic limit, plasticity and other tensile proper-

ties. Composite particles of powders intended for tablet

processing need to be of sufficient compressibility and be

strong enough to prevent unwanted breakage during han-

dling. The bond strength can be obtained from the tensile

strength (T) of the tablets (Itiola and Pilpel 1986a, 1991).

Tensile strength has been used in this present study to

assess the mechanical properties of diclofenac tablets. The

most common way of determining the crushing strength of

a particle is to apply a load diametrically and measure the

force needed to cause fracture (Alander et al. 2003).

Table 3 lists the results of the tensile tests on the tablets.

Correlation coefficients [ 0.970 were obtained. DDCP

generally exhibited the highest T values among the dic-

lofenac formulations; the ranking was DDCP [ DL [
DCS. This result shows that fracturing materials produced

tablets with higher tensile strength. Correlations have been

found between the fracture strength and the compression

behavior of the particles (Fichtner 2007). Deformability

of pellets made from microcrystalline cellulose could be

related to their tensile and shear strength, and was found

to be reduce for stronger pellets (Basshaiwoldu et al.

2004).

Compression Speed and Microbial Survival

There was a general inverse relationship between the log

% survival of Bacillus subtilis spores and the relative

density of the tablets with correlation coefficient of 0.926

to 0.999 (P \ 0.001) for the formulations compressed on a

hydraulic hand press with a compression speed of less than

20 mm/s and on a single punch press on which a higher

compression speed was used.

The survival of the microorganisms was significantly

lower (P \ 0.01) for the materials compressed on the

hydraulic hand press than those compressed on a single

punch press. Compressing the tablets at slower speeds

subjects the organisms to greater mechanical disruption

and frictional heat. A longer dwell time was also achieved

at a slower compression speed, which in turn leads to more

plastic deformation that further inactivates the microbial

contaminants. As the speed of compression increases from

20 to 120 mm/s on the single punch press, the survival of

the organisms generally increased (P [ 0.05).

In practice, the compression speeds are increased sig-

nificantly during the scale up of tablet production and

technology transfer. Therefore, the results suggest that

microorganisms in raw materials might exhibit a significant

level of survival on tablet machines, which operate at very

high compression speeds, normally in excess of 200 mm/s.

Therefore, the use of an excessive compression speed

should be avoided because the likelihood of survival of the

microbial contaminants increases with increasing com-

pression speed.

Compression Speed and Tensile Strength

Tablets compressed on a hydraulic hand press generally

had higher T values than those compressed on a single

punch press and as the compression speed increased on the

single punch press, the values of T decreased. This sug-

gests that the lower the dwell time, the lower the tensile

strength of the tablets. Therefore, when a high speed tab-

letting machine with short dwell time is to be employed in

tablet production, the use of a binder at an appropriate

concentration should be considered in order to produce

tablets with satisfactory mechanical strength. This assertion

is supported by the fact that tablets of the same formula-

tion, produced by wet granulation process (in which

binders were used) had higher T values than those pro-

duced by wet granulation method (in which no binder was

used).

Relating the Effects of Compression speed, Tensile

strength and Microbial Survival in Tablets

A 3-D plot was made to relate the effects of the com-

pression speed, tensile strength and log percent survival of

Bacillus subtilis spores in diclofenac tablets (Fig. 3). An

inverse linear relationship between the compression speed

and log percent survival of Bacillus subtilis spores was

obtained. The correlation was significant (P \ 0.05) in all

formulations. As the compression speed increases, the

dwell time decreases; hence, the extent of mechanical

disruption to which microbial contaminant is subjected is

reduced. Shorter dwell time also reduces the extent of

plastic deformation in materials, which also in turn reduces

the inactivation of the microbial contaminant.

In practice, compression speeds are increased signifi-

cantly during tablet production scale up and technology

transfer. Thus the results suggest that microorganisms in

raw materials might exhibit a significant level of survival

on tablet machines that operate at very high compression

speeds, usually in excess of 200 mm/s. Hence, the use of an

excessive compression speed should be avoided as it has

been shown that the higher the compression speed, the

higher the survival chance for the microbial contaminants.

Also, expectation of microbial destruction during com-

pression in tablet production should not be taken as a

guarantee that all the microbial contaminants present in

raw materials will be eliminated. Therefore, manufacturers
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must implement microbial control on the tablet ingredients

for direct compression by ensuring the approval and vali-

dation of the active and excipient raw materials in the pilot

plant. Raw materials must also meet standards for micro-

bial specifications.

Conclusion

This study showed that the mode of consolidation of

materials and the speed at which tablet compression is

carried out have effect on both the tensile strength of the

formed tablets and the extent of destruction of the micro-

bial contaminant in diclofenac tablet formulations. Hence,

in production scale up, an excessive compression speed

above 200 mm/s should be avoided to ensure minimum

microbial survival and tablets with satisfactory mechanical

strength.
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