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ABSTRACT 

 

This study presents stress relaxation 

characteristics of selected viscoelastic herbs 

which are Andrographis paniculata, 

Orthosiphon stamineus, and Eurycoma 

longifolia Jack. These herbs can be found in the 

Asia region and have been reported on having 

several therapeutics properties. The herbs 

powders were compressed into tablets, which is 

convenient for consumption and packaging. A 

uniaxial die of 13mm in diameter was used 

using a universal testing machine with pressures 

ranging from 15 to 30 MPa and the compression 

speeds between 3mm/min and 6mm/min. The 

stress relaxation characteristics and related 

parameters were compared. The Eurycoma l. 

Jack showed plastic deformation, however the 

value of the asymptotic residual modulus 

indicate that the deformation was insignificant 

to form a coherent tablet. Binder is suggested to 

be added to the compression process. Thus, 

these properties are essential to understand 

storage and transportation of herbal tablets. 
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1. INTRODUCTION 
 

Tablet is a convenient form of drug delivery and 

nowadays it has been widely used for delivery 

of herbal supplements. There are varieties of 

shapes and forms of tablets such as coated 

compressed hard tablets, controlled release 

tablets, chewable tablets and others. Tablets can 

provide accurate dosage of active ingredients; 

enhance the flavour and mask the bitter and 

unpleasant taste, particularly for the herbal 

supplement.  

 

  The processing of a tablet is similar to 

the processing of other powdery compacts, and 

it is divided into four different steps: die filling, 

compression, decompression, and ejection. 

There are several models available that can be 

used to evaluate compression mechanism. In 

this study, Heckel model is used. This model 

relates the relative density of the tablet during 

compression to the pressure (Heckel, 1961) as 

shown in equation (1): 
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where ρf is the relative density of the powder 

bed at compression pressure P. k and A are 

Heckel’s constants. 

 

An important aspect of producing 

coherent tablets is during the decompression 

(Figure 1) where the plunger is removed from 

the upper punch to allow relaxation to occur; 

whereby the forces decreases while the strain of 

the powder remains constant and when the force 

is removed the powder will partially return to its 

original shape. This is due to the viscous and 

elastic behaviour of soft polymeric material, or 

known as viscoelastic behaviour. A linear 

relationship to describe the stress relaxation data 

was written by Peleg and Moreyra (1979) as:  
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where Fo is the initial decompression force and 

F(tr) is the decompression (decaying) force after 

the unloading time tr. The constant k1 and k2 are 

the constant characteristics of the actual shape 

of the recorded curve, where 1/k1 represents the 

initial relaxation rate and 1/ k2 represents the 

asymptotic rate of the equation (Peleg and 

Moreyra, 1979).  

 

Peleg et al. (1982) introduced the 

calculation of an asymptotic residual modulus, 

also known as a relaxation modulus Ea: 
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where Ao is the cross-sectional area of the 

powder and e is the strain. The asymptotic 

residual modulus Ea may be used to present the 

degree of solidification component that is being 

contributed by the stress, which does not 

dissipate through flow or structural 

rearrangement (Peleg et al., 1982). For a 
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viscoelastic powder, the increase in the 

temperature and moisture content may decrease 

the value of the asymptotic residual modulus 

(Hammerle and Mohsenin, 1970; Kim and 

Okos, 1999). 

 

Nowadays, it is becoming a trend to 

consume herbs amongst the community. To 

ensure a regular supply, the herbs should be able 

to be stored longer. One of the solution is to 

form the herbs into tablets. Further study on 

compression of tablets (Yusof et. al., 2011; 

Yusof et. al, 2010) is essential and to date there 

has been no reported work on decompression of 

herbal tablets. Therefore, in this study 

decompression and stress relaxation of selected 

viscoeleastic herbal tablets namely A. 

paniculata, O. stamineus, and Eurycoma l. Jack 

were carried out. 

 

 

 
Figure 1 Decompression of a tablet 

 

 

Table 1: The Material Properties of A. paniculata, O. stamineus, and Eurycoma l. Jack. 

 

Material properties A. paniculata O. stamineus Eurycoma l. Jack 

Bulk density (kg/m
3
) 498 525 574 

Tapped density (kg/m
3
) 588 625 666 

True density (kg/m
3
) 1552.9 1590.2 1490.1 

Hausner Ratio (Hausner, 1967) 1.18 1.19 1.16 

Carr Index (%) (Carr, 1965) 10.5 15.8 13.6 

Moisture content (%) 6.07 5.03 8.57 

Mean particle size (µm)-D50 130.4 37.4 174.7 

 

 

 

 

 
Figure 2 SEM images at 100 times magnifications. 

a) A. paniculata, b) O. stamineus, and c) 

Eurycoma l. Jack. 

a 

b 

c 
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2. METHODOLOGY 

 

2.1 Materials Properties 

 

A. paniculata, O. stamineus, and Eurycoma l. 

Jack were freeze-dried extract powders, and 

supplied by Phytes Biotek Sdn. Bhd. The 

material properties are shown in Table 1. A 

laser particle size analyser (Mastersizer 2000, 

Malvern Instruments Ltd., UK) was used to 

measure the mean particle size of the herbal 

powders.  The density measurement is a very 

important means to characterize the 

compression process, particularly for a material 

in the form of a powder. The densities can be 

divided into bulk density, tapped density, and 

true density. Based upon the bulk density and 

the tapped density measurements, the Carr 

Index (Carr, 1965) and the Hausner Ratio 

(Hausner, 1967) were calculated to determine 

the degree of powder flow. The moisture 

content was measured using a conventional 

oven method, whereby the sample was dried 

until a constant weight was achieved. The 

powder morphology was obtained from a 

Scanning Electron Microscope (SEM) (Philips 

XL30 Environmental SEM, Virginia) and 

Figure 2 shows the SEM images of the herbal 

powders used. 

 

 
Figure 3  Heckel’s plot versus compaction pressure.  

 

 

Table 2 The Heckel model  

Materials Speed (mm/min) k 1/ k A R
2
 

O. stamineus 3mm/s 3 0.0065 153.8 0.9233 0.9552 

O. stamineus 6mm/s  6 0.0049 204.1 0.9826 0.9945 

A. paniculata 3mm/s 3 0.0069 144.9 0.9826 0.9655 

A. paniculata 6mm/s  6 0.0089 112.4 0.9536 0.9290 

Eurycoma l. Jack 3mm/s 3 0.0083 120.5 0.3420 0.9936 

Eurycoma l. Jack 6mm/s 6 0.0096 104.2 0.3243 0.9929 

 

 

Table 3 Stress relaxation parameters  

Materials Speed (mm/min)  k1 1/ k1 k2 1/ k2 R
2
 Ea/MPa 

O. stamineus  3  3.88 0.26 1.79 0.56 0.979 11!1 

O. stamineus  6  3.83 0.26 2.85 0.35 0.899 13!2 

A. paniculata  3  4.69 0.21 1.85 0.54 0.929 19!2 

A. paniculata  6  3.14 0.32 1.74 0.57 0.824 20!4 

Eurycoma l. Jack  3  0.27 3.73 0.13 7.63 0.982 90!5 

Eurycoma l. Jack  6  0.27 3.75 0.19 5.21 0.945 102!7 
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2.2 Uniaxial Die Compaction   

The tablets were prepared using a 13-mm-diameter 

cylindrical stainless steel uniaxial die (Runnig Sdn. 

Bhd, Selangor). The powder (0.5 ± 0.01g) was poured 

into the die using a plastic funnel to facilitate the flow 

of the powder. Then, the die was tapped for about 20 

times to form a homogenous density distribution within 

the powder. Upon compression, a universal testing 

machine (Instron 5566, USA) was used for tabletting, 

with pressures ranging from 7.5 to 75 MPa, and at a 

constant crosshead speed of 3 and 6 mm/min. The data 

were recorded by a computer connected to the machine 

in the form of force-displacement curves. Upon 

decompression and ejection, the thicknesses of the 

tablets were measured using a digital vernier caliper 

and the volumes of the tabletted powder were obtained. 

 

 

3. RESULT AND DISCUSSION 

 
Figure 3 shows the Heckel plots (from equation 1) of 

the herbs compressed at 0.5 g with compression speeds 

of 3 and 6 mm/min. A. paniculata and O. stamineus 

both show high slopes compared to Eurycoma l. Jack. 

Further analysis on the value of the constant A shows 

that Eurycoma l. Jack has value of 0.32-0.34 compared 

to A. paniculata and O. stamineus both have values 

between 0.92-0.98 (Table 2). The constant A indicates 

die filling and particle rearrangement before 

deformation and bonding of particles during 

compression (Zhang et al., 2003). Whereas the constant 

k indicate plastic deformation occurred at low 

pressures (Adapa et al., 2005). The value of constant k 

for Eurycoma l. Jack is within 0.0083-0.0096, and A. 

paniculata and O. stamineus both have the values of 

0.0049-0.0065 and 0.0069-0.0089, respectively. In 

other words, both A. paniculata and O. stamineus can 

deformed easily, perhaps by fragmentation as can be 

observed from SEM images in Figure 2. However, for 

Eurycoma l. Jack even though the constant A value was 

low but the k value was highest which may indicate 

that plastic deformation occur. The SEM images of 

Eurycoma l. Jack also shows its fibrous structure that 

could be able to form plastic junction upon 

compression. This trend is comparable to those of 

Yusof et al., (2011), which used similar herbs at the 

compression speed was 5mm/min. This findings is 

further supported with the values of stress relaxation 

constants that were calculated from equation 2 as given 

in Table 3. The high value of k1 can be related to low-

decay rate indicating pronounced elastic recovery 

(Bhattacharya et al., 2006).  

 

Therefore upon compression and 

decompression, A. paniculata and O. stamineus both 

particles are postulated to be able to return to its 

original structure. The k2 value was used to calculate 

the value of asymptotic residual modulus from 

equation (3). High values of asymptotic residual 

modulus, Ea inferred that the material possess elastic 

properties, whereby the ability to form plastic junctions 

decreases (Yusof et al., 2009). The value of Ea 

contradicts with the earlier discussion on plastic 

deformation. It was postulated that Eurycoma l. Jack 

posses plastic deformation; however, the high Ea value 

does not reflect that.  High value of Ea can be related to 

the ability of the powder to store elastic strain. 

Therefore, the deformation of Eurycoma l. Jack was 

not significant. This can be related to the value of HR 

and CI, for all of the powders used was categorised as 

medium flow. It can be postulated that the powders 

were having inter-particle friction (Jenike, 1959) that 

may have reduced the ability of the powder to undergo 

internal rearrangement. Thus, it caused less structural 

changes, like those suggested by Yusof et al., 2009. 

The Ea has been discussed to represent index of solidity 

that consists of components of stress that do not 

dissipate subject to flow or structural reorientation 

(Peleg et al., 1982).  

 

Furthermore, the intrinsic property of the 

various bioactive compound contents could have 

contributed to the characteristics of powder upon 

compression and decompression processes. It has been 

reported the Eurycoma l. Jack consists of eurycomanol, 

eurycomanone, eurycomalactone, and other chemicals 

such as alkaloids, qaassinoids, and saponins 

(Sambandan et. al., 2001). The O. stamineus had 

various types of active ingredients such as potassium, 

flavanoid, soponons and sinensetins (Jaganath and Ng, 

2000). The A. paniculata has andrograpanin (Liu et. al, 

2008) and andrograpolide (Prathanturarug et al., 2007).  

In this study, it is also worthy to mention that 

for the effect of compression speed did not 

significantly affected the compression properties. 

Theoretically, lower speeds allow more bonding to 

occur, particles will be packing better (Ching et al., 

2005) and form a strong and coherent tablet. 

 

 

4. CONCLUSION 

 

The Heckel model was used to evaluate the 

compression behaviours of viscoelastic herbs namely 

A. paniculata, O. stamineus and Eurycoma l. Jack. It 

was found that A. paniculata and O. stamineus allows 

deformation to occur. It was postulated that 

fragmentation caused the deformation. The Eurycoma 

l. Jack tablets showed plastic deformation, the stress 

relaxation constant k1 and k2 support the findings. 

Unfortunately, the Ea value of was high which 

contradicts to the findings earlier. It is important to 

mention that the plastic deformation for Eurycoma l. 

Jack may be insignificant to contribute for formation of 

coherent tablets. It is suggested that binder such as 

microcrystalline cellulose is added to assist plastic 

deformation to occur. In this study, it was also 

observed that there were insignificant effect on 

compression speed, perhaps for further investigation, it 

is suggested that to test on a wider range of speeds.                                                                        
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NOMENCLATURE 

A  Heckel’s constant 

Ao  cross sectional area of the powder m
2
 

Ea   asymptotic residual modulus Pa 

Fo  initial decompression force N 

F(tr)  decompression (decaying) force after the 

unloading time N 

k  Heckel’s constant 

k1  constant characteristics of unloading curve s 

k2  constant characteristics of unloading curve s 

P   compression pressure Pa 

tr.  unloading time s 

e" " #$%&'("

ρf               relative density of the powder bed 


