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INTRODUCTION 

 

Brittle fracture refers to the lamination or cap-

ping of tablets which occurs at the point of 

ejection from the die during their manufacture 

(Uhumwangho et al., 2009). This phenome-

non is associated with the presence of en-

trapped air pockets arising from high speed of 

compression such that the air in the die hardly 

has time to escape before compaction is ef-

fected. Air pockets may also arise from the 

fracture of brittle materials in the tablet for-

mulation during compression or due to elastic 

recovery of elastic materials upon withdrawal 

of the upper punch pressure. The brittle frac-

ture tendency was provided by Hiestand et al 

(1977), who applying the crack theory of Grif-

fiths considered that cracks will propagate 

from the edge of a void or low density region 

in a compact when the stress at the edge of the 

void is three times over the stress in the bulk 

of the compact.  

 

Brachystegia eurycoma Harms (synonym B. 

spiceaformis) family leguminosae caesalpin-

ioideae is a woody plant commonly found in 

the forest zone in southern Nigeria and Came-

roun. The tree is about 35m tall, r. It is com-

monly called Achi (Igbo), Akalado or Eku 

(Yoruba), Akpakpa or Apaupan (Ijaw), 

Okwen (Edo), Okung (Efik) (Ikegwu et al., 

2010). The tree bark has found application as 

fibres, food wrappers and has been used to 

make containers. The seeds have a hard 

coat,and is used as a soup condiment, flavour-
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ABSTRACT 

 The aim of the present study is to investigate the potential of Brachystegia eurycoma gum in ame-

liorating brittle fracture (i.e., lamination and capping) a problem often encountered during tablet-

ing. Granules of metronidazole (test drug) were prepared by wet granulation technique using Bra-

chystegia eurycoma or acacia gum at concentrations of 2.5, 5.0, 7.5 or 10%w/w. The resulting 

granules were evaluated for packing and flow properties. Granules were compressed into tablets 

with and without a centre hole (as in- built defect) using a compression load of 2.0 arbitrary unit on 

the load scale. The tablets were evaluated for tensile strength and the data was used to calculate the 

brittle fracture index (BFI). The compressibility index which is a measure of ease of compaction of 

the granules upon tapping was < 23.5% while all granules were free flowing with angle of repose < 

36.90. Increase in binder concentration led to an increase in Pf and T values irrespective of the type 

of the gum binder used in the formulations. Generally, increasing the binder concentration at a giv-

en compression load resulted in a decrease in the brittle fracture tendency of the tablets. For in-

stance, at a binder concentrations of 2.5% w/w the BFI for Brachystegia eurycoma and acacia gum 

were 0.13 and 0.10 respectively while their corresponding values at binder concentration of 7.5%

w/w were 0.06 and 0.08. The study has shown that Brachystegia eurycoma gum is an effective 

binder that produces harder tablets with low brittle fracture tendency. 
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ing agent and for soup thickening in south 

eastern Nigeria. The seeds are a good source 

of bioactive compounds comprising flavo-

noids, alkaloids, phenolic compounds, sapo-

nins and tannins, protein, carbohydrate, lipids 

and fiber. The seeds are also a good source of 

water soluble vitamins hence plays a major 

role in the nutritional status of consumers 

(Uhegbu et al., 2009). Previously, Bra-

chystegia eurycoma seed gel in combination 

with snail mucin and honey has been investi-

gated for the treatment of wounds i (Adikwu 

and Enebeke, 2007) but its potential in ame-

liorating brittle fracture tendency has not been 

exploited. 

Binders are added to tablet formulation to im-

part plasticity during compression and thus 

ameliorate brittle fracture tendency within the 

tablet (Itiola and Pipel, 1986, 1991; Uhum-

wangho and Okor, 2004). The extent to which 

this fracture problem can be ameliorated de-

pends in part on the type and concentration of 

binder used in the tablet formulation.  Hence, 

in the present study, we have investigated the 

potential of some gum binders on the brittle 

fracture tendency of metronidazole tablets. 

Production of these tablets is frequently prone 

to this brittle fracture problem. Therefore, the 

outcome of this study will permit the selection 

of a suitable binder and concentration which is 

locally available for the production of metro-

nidazole tablets. 

 

MATERIALS AND METHODS 

Materials 

The test drug was metronidazole (Baif Labor-

atories Limited, Pune, India) and it was re-

ceived as a gift sample from Sam Pharmaceu-

tical Nigeria Ltd. Acacia gum (Kapadia gum 

Industries Pvt. Ltd Mumbai, India ) was used 

as binder in varying concentration (2.5%w/w, 

5.0%w/w, 7.5%w/w and 10%w/w) for com-

parative study. Magnesium stearate (S.D. Fine 

Chemicals Ltd., Mumbai, India) was used as 

lubricant at concentration of 1.0 % w/w. All 

other reagents used were of analytical grade. 

 

Extraction of Brachystegia eurycoma gum: 

Undehulled Brachystegia eurycoma seeds 

were purchased from a local Market in Edo 

state, Nigeria. The dried seeds were roasted 

and soaked in 1500mls of distilled water for 

48hours and macerated to remove the shells. 

The dehulled seeds were dried completely, 

milled and weighed accordingly. Five hundred 

(500) gram of the milled seed was defatted 

with chloroform-methanol mixture in the ratio 

of 2:1. At intervals of 1h, the mixture was 

shaken to enhance proper defattng. The mix-

ture was sieved with a porcelain cloth to re-

move the fat. The residue (Brachystegia eury-

coma powder) was sundried for 1h to allow 

complete evaporation of the chloroform-

methanol. Sufficient quantity of hot water was 

then poured in the Brachystegia eurycoma 

powder in a clean bowel and triturated sever-

ally and left for 24 h. The paste obtained was 

manually strained through a white muslin 

cloth to extract the gum. The filtrate was treat-

ed with acetone in the ratio 1:1 to precipitate 

the gum. The precipitate formed was dried un-

der the oven at 500C for 3 h. The dry flakes 

were pulverized using a electric blender and 

stored in an air tight dessicator containing sili-

ca gel.  

 

Measurement of viscosity of the gum: The 

viscosities of 2.5%, 5.0%, 7.5% and 10% w/

w of Brachystegia eurycoma gum or acacia 

were determined using brookfield synchro-

electric viscometer (model number NDJ-5S). 

The dispersion (50ml) was poured into a 

clean beaker and the viscosity measured us-

ing spindle number 3. The viscosity for each 

concentration was measured and the readings 

recorded. This determination was done in 

triplicate. 

 

Granulation technique: Granules were 

formed by wet massing a sample of metroni-

dazole powder (100 g) with a determined vol-

ume of the Brachystegia eurycoma or acacia 

gum. The wet mass was screened through 

sieve (aperture size, 1000 µm) and then dried 

in a hot air oven (Kotterman, Germany) at 

500C for 0.5 h, to a moisture content of 

1.9±1.0 % w/w. This was further screened 

through a 750 µm sieve. Based on the volume 

of gum used in the wet massing the final bind-

er concentration in the granules were 2.5, 5.0, 

7.5 and 10% w/w. 

 

Determination of packing and flow proper-

ties of granules: These were determined by 
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measuring the bulk density (BD) and tapped 

density (TB) using standard procedures 

(Richards, 1972). From the data compressibil-

ity index (CI) values of the granules were cal-

culated as CI = {(TB-BD)/TB}x100% (Carr, 

1965). The flowability of the granules was 

determined by measuring the angle of repose 

formed when a sample of the granules (20g) 

was allowed to fall freely from the stem of a 

funnel to a horizontal surface (Travers, 1972). 

The angle of repose (q) was calculated using 

the expression: q = arc tan H/r  

 (1) 

Tableting technique: Flat faced tablets of 

mean weight 400±6 mg and diameter, 12.5 

mm were produced using a single punch ma-

chine (Karl Kolb) at a compression load of 2, 

arbitrary units on the load scale.  In each case 

the maximum load was held on the tablet for 

30 s before releasing it to allow for consolida-

tion of the tablet. Also, the punch and die sur-

faces were lubricated with a 1% dispersion of 

magnesium stearate (BDH) in chloroform to 

prevent sticking and hence allow easy ejection 

of the tablets from the die. In order to form 

tablets with a center hole (needed for estima-

tion of BFI) lower punches with a center pin 

and upper punches with a center through hole 

(diameter, 0.6 mm) were used in the compres-

sion process. Details of the procedure have 

been described previously (Uhumwangho and 

Okor, 2004; Uhumwangho et al., 2009). 

Tensile strength (T): The load (P) needed to 

fracture the tablet was determined by diamet-

ric compression with a Monsanto hardness 

tester (Brook and Marshall, 1968). Ten tablets 

were used in each determination. T is the 

stress needed to fracture a tablet by diametral 

compression. It is given by the expression 

(Fell and Newton, 1970): 

T=2P/πdt      

 (2) 

where P is the crushing load that causes ten-

sile failure of a tablet of diameter, D and 

thickness t. The mean values of the fracture 

load were used to calculate the T values for 

tablets of the various formulations. 

Brittle fracture index (BFI): This is a meas-

ure of the tablet tendency to laminate or cap 

during manufacture. It is given by the equa-

tion (3) below developed by Hiestand et al. 

(1977), thus: 

BFI= 0.5 (T/T0 -1)     

     (3) 

where T0 and T are the tensile strength of tab-

lets with and without a centre hole, respective-

ly. The fracture tendency is considered high 

when the BFI value is ≥ 0.5. 

Determination of tablet packing fraction 

(Pf): This is a measure of the degree of consol-

idation of the tablet upon compaction. Pf, val-

ues are obtained from the expression (4): 

Pf = w/ π r2t ρ      

       (4) 

where: w is the mean weight of tablets of radi-

us (r), and thickness (t), ρ is the particle densi-

ty of the powder from which the tablets were 

made, in this case metronidazole powder. The 

ρ value of 

metronidazole granules was determined to be 

1.41 g.cm-3 using a fluid (liquid paraffin) dis-

placement method as described previously 

(Sugita et al., 1995). The mean weight of ten 

tablets were determined accurately to 0.001 g 

using an electronic balance (Mettler Toledo 

B154, Switzerland) while their mean thickness 

and diameter were measured accurately to 

0.01mm using a digital micrometer (Model 

GMBH 500 –U- Poland). 

 

RESULTS AND DISCUSSION 

Packing and flow properties of the granules 

The bulk density, tapped density and com-

pressibility index values of the granules are 

presented in Table 1. It was observed that 

there was no statistically significant difference 

in the densities with increase in concentrations 

of the gum binders (p >0.05). The compressi-

bility index which is a measure of ease of 

compaction of the granules upon tapping was 

< 23.5% this was irrespective of the type of 

gum binder and concentration used in the tab-

let formulation (See Table 1). All granules 

were free flowing with angle of repose < 36.90 

 

Concentration 

of gum 

(%w/w) 

Bulk 

density 

(g/cm
3
) 

Tap density 

(g/cm
3
) 

Carr’s 

index 

Hausner’s 

ratio 

Angle of 

repose (
0
) 

Brachystegia 

eurycoma 
     

2.5 0.56±0.02 0.71±0.03 21.1 1.27 36.9 

5.0 0.50±0.03 0.56±0.02 10.8 1.12 35.3 

7.5 0.48±0.02 0.56±0.03 14.3 1.17 33.3 

10.0 0.47±0.04 0.60±0.02 21.7 1.28 31.4 

Acacia      

2.5 0.52±0.02 0.68±0.01 23.5 1.31 34.9 

5.0 0.58±0.03 0.63±0.02 7.9 1.09 31.8 

7.5 0.50±0.04 0.54±0.02 7.4 1.08 29.7 

10.0 0.48±0.02 0.58±0.03 17.2 1.21 28.9 
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Table 1: Physical parameters of the granules 

Viscosity of the gums 

The viscosity values of the Brachystegia eury-

coma or acacia gum equilibrated at room tem-

perature 280C are presented in Figure 1. The 

results showed that acacia gum were slightly 

more viscous than Brachystegia eurycoma 

gum although there was no statistically signif-

icant differences in their viscosities (p > 0.05). 

Generally, as the concentration of the different 

gums increased their viscosities also in-

creased. These differences will determine the 

binder effectiveness of the gums. 
Fig 1: Effect of binder type and concentration (2.5%, 

5.0%, 7.5% AND 10.0% w/w) on the brittle fracture 

tendency of metronidazole tablet, where AC = Acacia 

gum and BE = Brachystegia eurycoma gum 

 

 

Effect of binder type and concentration on 

the degree of consolidation and tensile 

strengths of the tablets 

The results of the degree of consolidation and 

tensile strengths of the tablets are presented in 

Table 2. Generally, increase in binder concen-

tration led to an increase in Pf and T values 

irrespective of the type of the gum binder used 

in the formulations, this may be attributable to 

the higher gel strength of the gum as the con-

centration increases which was also reflected 

in their viscosity.  It is known that binders 

promote plastic deformation of particles and 

hence results in an increase in the area of con-

tact for interparticulate bonding. Therefore, an 

increase in T is invariably associated with an 

increase in Pf values of the tablets (Itiola and 

Pipel, 1986; Ejiofor et al., 1986). 

 

Table 2: Effect of binder type and concentration 

on the tensile strength (T), packing fraction (Pf) 

and brittle fracture index (BFI) of tablets. 

 

Effect of binder type and concentration on 

the brittle fracture tendency of the tablets 

The results of the effect of binder type and 

concentrations on the BFI values of the tablets 

are presented in Table 2.  Generally, increas-

ing the binder concentration at a given com-

pression load resulted in a decrease in the brit-

tle fracture tendency of the tablets (See Table 

2). Similar finding has been reported previous-

ly (Okor et al., 1998l; Uhumwangho et al., 

2004). Hence, increase in binder concentration 

ameliorate brittle fracture tendency of tablets 

by promoting plastic deformation of particles 

within the tablet during diametral compression 

(e.g. by die wall stress). For instance, at a 

binder concentrations of 2.5% w/w the BFI for 

Brachystegia eurycoma and acacia gum were 

0.13 and 0.10 respectively while their corre-

sponding values at binder concentration of 

7.5%w/w were 0.06 and 0.08. However, there 

were no statistically significant differences (p 

>0.05) between their BFI values.  

 

CONCLUSION 
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eurycoma 

    

 

2.5 0.102±0.02 0.08±0.03 0.77 0.13 

5.0 0.121±0.03 0.101±0.02 0.78 0.10 

7.5 0.152±0.01 0.131±0.02 0.79 0.08 

10.0 0.172±0.02 0.156±0.03 0.79 0.05 

Acacia     

2.5 0.121±0.01 0.102±0.03 0.78 0.10 

5.0 0.151±0.02 0.131±0.01 0.79 0.08 

7.5 0.172±0.03 0.153±0.02 0.80 0.06 

10.0 0.193±0.02 0.182±0.03 0.81 0.03 
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The study has shown that Brachystegia eury-

coma gum is an effective binder that produces 

harder tablets with low brittle fracture tenden-

cy. 

 

REFERENCES 

Adikwu, M.U. and Enebeke, T.C. (2007). 
Evaluation of snail mucin dispersed in 

Brachystegia eurycoma gum gel as a 

wound healing agent. Animal research 

international 4 (2): 685-697. 

Brook, D.B. and Marshal, K. (1968). Crush-

ing strength of compressed tablets 1. 

comparison of tester. Journal of Phar-

maceutical Science 57: 481-484. 

Carr, R.L. (1965). Classifying flow proper-

ties of solids. Chemical Engineering 

72:69- 72. 

Ejiofor, O., Esezobo, S. and Pipel, N. 

(1986). The plastoelasticity and com-

pressibility of coated powders and the 

tensile strengths of their tablets. Journal 

of Pharmacy & Pharmacology 38: 1-7. 

Fell, J.T. and Newton, J.M. (1970). Determi-

nation of tablet strength by diametral 

compression test. Journal of Pharma-

ceutical Science 59: 688 – 691. 

Hiestand, E.N., Well, J.E., Poet, C.B. and 

Ochs J.T (1977). Physical processes of 

tableting. Journal of Pharmaceutical 

Science 66: 510-519. 

Ikegwu, O.J., Okechukwu, P.E. and Eku-

mankana, E.O. (2010). Physico-

chemical and pasting characteristics of 

flour and starch from Achi; Bra-

chystegia eurycoma seed. Journal of 

food Technology, 8(2): 58-66. 

Itiola, O.A. and Pipel, N. (1986). Tableting 

characteristics of metronidazole formu-

lations. International Journal of Phar-

macy 31: 99-105 

Itiola, A.O. and Pipel, N. (1991). Formula-

tion effects on the Mechanical properties 

of Metronidazole tablets. Journal of 

Pharmacy & Pharmacology 43: 145-

147. 

Okor, R.S., Eichie, F.E. and Ngwa, C.N 

(1998). Correlation between tablet me-

chanical strength and brittle fracture ten-

dency. Journal of Pharmacy and Phar-

macology  4 (11): 511-513. 

Richards, J.H. (1972). Powder flow and com-

paction In: Tutorial Pharmacy, 6th edn. 

(Carter, S.J. ed).  Pitman Medical Pub-

lishing Ltd, London, pp. 211-233. 

Sugita, E.T., Roger, L.S. and Irwin, R. 

(1995). Metrology and Calculations. In: 

The Science and Practise of Pharmacy 

19th edn (Gennaro, A.R., ed.) Mack, 

Pennsylvania, pp. 63 -93. 

Travers, D.N. (1972). Powder flow and com-

paction. In: Tutorial Pharmacy (Carter, 

S.J. ed), 6th edn., Pitman Medical 

 Publishing Ltd., London, pp 211-213. 

Uhegbu, F.Q., Onwuchekwa, C.C., Iweala, 

E.J. and Kanu, I. (2009). Effect of pro-

cessing methods on nutritive and antinu-

tritive properties of seeds of Bra-

chystegia eurycoma and Detarium mi-

crocarpum from Nigeria. Pakistan Jour-

nal of Nutrition, 8: 316-320. 

Uhumwangho, M.U., Okor, R.S. and 

Adogah, J.T. (2009). Potential of carnu-

ba wax in ameliorating brittle fracture 

during tableting. Pakistan Journal of 

Pharmaceutical Sciences 22 (1):58-61. 

Uhumwangho, M.U. and Okor, R.S. (2004). 
Anomalous effect of compression pres-

sure on the brittle fracture tendency of α-

cellulose tablet. International Journal of 

Pharmacy 284: 69 74. 

Uhumwangho, M.U., Okor, R.S. and Eichie, 

F.E. (2004). Effect of cation contentof 

certain ammoniomethacrylate copoly-

mers type A (RL) and B (RS) on their 


