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Abstract: Aspirin is easily hydrolyzed by water and it is therefore produced by slugging, which is a time 

consuming process. This work was aimed at studying the effect of humidity on the physical properties of aspirin 

tablets produced by melt granulation in comparison with conventionally produced aspirin tablets. Goat fat (1 to 

2% w/w) and carnauba wax (2 to 7.5% w/w) were the waxes used as granulating agents in the melt granulation 

technique. The granules were characterized and the ones with adequate flow were compressed to tablets of 

diameter 13.8± 0.1 mm and thickness 3.2 ± 0.1mm using a single punch tableting machine. Resulting tablets 
were evaluated and then stored under ambient humidity and 1% relative humidity and the effect of the storage 

on the physical properties of the tablets were analyzed monthly for two months duration. The bulk and tapped 

densities of the granules were between the ranges of 0.62 ± 0.00 - 0.71 ± 0.01 g/cm3 and 0.77 ± 0.02 - 0.85 ± 

0.00 g/cm3 respectively. The angle of repose ranged from 26.96 ± 0.07o - 39.21 ± 0.02o, Carr’s index between 

10.34 ± 0.14 and 21.88 ± 0.01 and Hausner’s ratio being in the range of 1.12 ± 0.05 - 1.28 ± 0.11. The resulting 

tablets displayed a good disintegration, having disintegration time ranging from 2.28 ± 0.12 - 5.30 ± 0.13 min. 

Tablet friability and tensile strength ranged from 1.09 ± 0.05 - 3.10 ± 0.01% and 0.02 ± 0.01 - 0.07 ± 0.00 

MNm-2 respectively. After storage there was no change in tensile strength, however, there was a change in 

disintegration time and friability ranging from 0.46 ± 0.05 – 5.50 ± 0.08 min and 1.25 ± 0.01 - 3.50 ± 0.10% 

respectively. Melt granulation, which is a simpler method, had the least influence of humidity on the physical 

properties of aspirin tablets. 
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I. Introduction 
Aspirin (Acetyl salicylic acid) is a drug commonly used as an analgesic, antipyretic and anti-

inflammatory. It is also used in low doses to help prevent heart attack and stroke [1][2]. There are new 

evidences, which suggest the action of aspirin in cancer prevention, especially colorectal cancer [3][4]. 

However, aspirin is faced with a major challenge of being hygroscopic. It absorbs moisture from the atmosphere 

easily and this leads to its degradation into acetic acid and salicylic acid. Due to this major challenge, aspirin 

cannot be produced by wet granulation technique and so slugging is the method employed in its production. 

Slugging is however faced with some challenges, which include it being time consuming, expensive, production 
of more dust or fines, which can be harmful to both the operators and the environment.  

Melt granulation is a technique in which the drug powder is triturated with melted wax or fat and then 

screened to form granules [5][6][7]. The waxes which serve as binders are of low melting point [8][9]. Waxes 

are hydrophobic materials and could be natural or synthetic in origin. The naturally occurring waxes could be of 

animal origin such as goat fat, or of plant origin such as carnauba wax. Goat fat is normally extracted from the 

adipose tissues in the peritoneum of sacrificed goat. It has a melting point of 55-59°C. Carnauba wax is also 

known as Brazil wax and palm wax. It is obtained from the leaves of the palm, Copernicia prunifera, grown in 

Northeastern Brazilian states. It has a melting point of 82-86°C. Melt granulation possesses some advantages: it 

is less time and energy consuming [10], there is a uniform dispersion of fines and there is no risk of residual 

solvents since solvents are not used as granulating agents [11]. More importantly, hydrolytic degradation is 

averted. However, moisture can be absorbed by drugs in storage and use; the amount of moisture absorbed by 
drugs or excipients is known to influence their physical stability, such as: hardness, disintegration of compacts 

or the dissolution rate of the drugs [12]. 
In the present study, we investigate the properties of aspirin tablets produced by melt granulation and 

also to study the influence of humidity on the tablets physical properties, in comparison with aspirin tablets 

produced by slugging. 
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II. Materials and Methods 
2.1. Materials  

Acetyl salicylic acid powder (BDH, Poole, UK), carnauba wax (Hale wood Chemicals Ltd, England), 

goat fat, maize starch (BDH, Poole, UK), talc (BP grade), magnesium stereate (BP grade). All other reagents 

used were of analytical grade and used without further purification. 

 

2.2. Methods 

2.2.1. Extraction and purification of goat fat 

The fatty tissues which are normally discarded from the peritoneum of sacrificed goat (Capra hircus) 

were collected from an abattoir in Benin City , Edo State , Nigeria,    They were washed and sliced into smaller 

pieces. These pieces were put into a 2 L stainless steel jar and heated for 30 min. The melted fat which was 

amber coloured, was then heated under reflux with activated charcoal for 1 h in order to remove impurities and 
odour. The fat was then filtered hot, allowed to solidify and stored [7] 

 

2.2.2. Granulation techniques 

a. Dry granulation 

A mixture of Aspirin powder (50 g) with maize starch (6% w/w) was compressed into slugs with the use of 

a Manesty single punch tableting machine, at an arbitrary load unit of 45. The slugs were broken down into 

granules and passed through a sieve of 710 μm aperture. 

b. Melt granulation 

Aspirin powder (50 g) was added to melted wax (carnauba wax at 82-88° C, goat fat at 55-59° C) and 

homogenously mixed. The mixture was cooled and forced through a sieve (710 μm aperture). The resultant 

granules were dried in an air conditioned room and then stored in a desiccator prior to characterization. The 
procedure was repeated at concentrations 3, 5 and 7.5% w/w (carnauba wax) and 1 and 2% w/w (goat fat). 

 

2.2.3. Granules characterization 

Angle of repose was analyzed by using the fixed funnel method as described by Okoye et al [13]; the 

bulk and tapped densities were determined as previously described by Onyekweli [14]. The compressibility 

indices and the Hausner’s ratios were computed from the values obtained from the bulk and tapped densities. 

 

2.2.4. Granules compression 

Magnesium stearate and talc (1% w/w each) were mixed with the aspirin granules prior to tableting. 

Aspirin tablets were formed at a compression load of 30 arbitrary units on the load scale by a single punch 

tableting machine (type F3, Manesty, Liverpool, UK). 

 

2.2.5. Evaluation 

Tablet friability was determined with the use of a Veego tablet friabilator, which was run at 25 rpm for 

4 min. Ten tablets of each batch were randomly selected and analyzed. 

In computing the tensile strength of the tablets, the hardness of the tablets was first determined using a 

Monsanto hardness tester to cause a diametral compression. Tablet dimension was also determined with the use 

of a micrometer screw gauge. 

Tablet disintegration test was carried out in a Manesty disintegration apparatus. Distilled water maintained at 37 

± 2.0° C was used as the disintegration medium. Six randomly selected tablets from each batch were analyzed. 

 

2.2.6. Dissolution test 

This was done with the use of a rotating basket dissolution apparatus. The dissolution medium used 
was distilled water (900 ml) maintained at 37 ± 2.0 °C. At predetermined time intervals, 5 ml of leaching fluid 

was withdrawn and immediately replaced with fresh dissolution medium maintained at same temperature. The 

withdrawn samples were filtered and analyzed with the use of a UV spectrophotometer (PG Instrument, USA) at 

absorbance wavelength of 264 nm. 

 

2.2.7. Tablet evaluation after storage 

The weights of some tablets of each batch were determined and the mean weight obtained recorded. 

The tablets were stored under ambient humidity and 1 % relative humidity (RH 1%,). To obtain RH 1 %, a glass 

chamber was charged with dried silica gel. 

Tablets were removed from storage and the physical properties (friability, tensile strength and 

disintegration time) were evaluated at one month interval for possible change in physical properties.   
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2.2.8. Statistical analysis 

Experiments were performed in triplicates and the data were expressed as mean ± standard deviation. The 

data were statistically analyzed by the student t-test and level of significance was set at p < 0.05 

 
III. Results and Discussion 

There was a gradual decrease in the values of the flow and packing properties of granules prepared with 

carnauba wax as the wax concentration increased (TABLE 1). However, an increase in the Hausner’s ratio was 
observed at 5% carnauba wax concentration. For granules prepared with goat fat an increase in concentration 

caused a decrease in bulk and tapped densities and also Carr’s index, but an increase in angle of repose and 

Hausner’s ratio. However, the differences induced by the concentration strength for both carnauba wax and goat 

fat were not statistically significant. Also granules prepared by slugging displayed comparable flow and packing 

properties with those prepared by melt granulation (TABLE 1). 

None of the tablets met with the USP specification of 1% for friability. Tablets produced by slugging 

possessed the least friability (1.09%). It was observed that tablets containing goat fat would not be able to 

withstand shock and abrasion as much as the other tablets because they possessed the highest friability values of 

3.08 and 3.10%. The friability of tablets produced by melt granulation using carnauba wax (5 & 7.5%) was 

comparable with those prepared by the conventional slugging method (TABLE 2). Tensile strength for all the 

tablets was within the range of 0.02 – 0.07 MNm-2 (TABLE 2). All tablets irrespective of type of wax or 

formulation method, disintegrated within 5.30 min, which was within the BP specified time of 15 min. 
However, it was observed that while the disintegration time for tablets containing goat fat increased as the wax 

concentration increased, those containing carnauba wax decreases with an increase in the wax concentration 

(TABLE 2). 

In the dissolution profile of the tablets, it was observed that at 1% goat fat concentration, 100% of the 

drug content was released within 40 min, while within the same time duration 99% release was observed for 2% 

w/w goat fat. Tablets containing carnauba wax displayed an increase in drug release with corresponding 

increase in concentration of the wax. Within 60 min, 84% drug was released from tablets containing 2% 

carnauba wax, while 96% drug release was observed from tablets containing 3% carnauba wax. At 7.5% 

carnauba wax concentration, 100% of the drug was released within 40 min. this observation was the same for 

conventional tablets. Tablets produced by melt granulation using either goat fat or carnauba wax (at 7.5%) were 

comparable with the dissolution profile obtained from the slugged (conventional) tablets. However, irrespective 
of the formulation technique, type and concentration of wax, all the tablets met the BP specification for 

dissolution profile for immediate release tablets (Fig 1 and 2). 

Tablets physical properties were found to have being affected after storage in different humidity types 

for two months. There was an increased friability value for most tablets. Tablets produced by slugging stored at 

ambient humidity were more friable than those produced by melt granulation.  They exhibited an increased from 

1.09% to 2.31% after one month and then slightly decreased to 2.09% after the second month. While the 

friability of tablets produced using carnauba wax increased continuously from first and second month. At 2% 

carnauba wax concentration, the friability increased from 2.98% to 3.20% after the first month of storage and to 

3.30% after the second month. Tablets containing goat fat increased in friability and remained constant. At 1% 

goat fat concentration, the friability increased from 3.08% to 3.20% after first month and remained same even 

after the second month (TABLE 3). However, tablets containing carnauba wax which were stored at 0% relative 
humidity exhibited a slight decrease after the second month. Their friability decreased from 1.38 to 1.35% at 5% 

carnauba wax concentration and from 1.35 to 1.32% at 7.5% concentration (TABLE 4). 

A slight decrease in tablet tensile strength was observed after storage with the exception of tablets 

containing goat fat, which showed no change when stored at 1% relative humidity. Before and after storage the 

tensile strength remained at 0.02 NMm-2 (TABLE 4). The decrease in tensile strength was more pronounced for 

all tablets stored at ambient humidity. A decrease from 0.04 to 0.02 MNm-2 was observed for tablets containing 

carnauba wax (2 and 3% concentration) and 0.07 to 0.06 MNm-2 for tablets produced by slugging (TABLE 3). 

After storage of tablets at ambient and 1% relative humidity for two months, a decrease in the 

disintegration time was observed for all tablets. A decrease from 5.04 to 3.25 min was observed for tablets 

produced with goat fat (2%) that were stored at ambient humidity. Also tablets containing carnauba wax (2%) 

had their disintegration time reduced from 5.30 to 4.08 min. Slugged tablets showed a decrease from 3.50 to 

0.42 min (TABLE 3).  
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TABLE 1: Flow and packing properties aspirin granules 
Type and 

concentration of wax 

(% w/w) 

Tapped density 

(g/cm
3
) ± SD 

Bulk density 

(g/cm
3
) ± SD 

Angle of repose 

(°) ± SD 

Carr’s index ± 

SD 

Hausner’s ratio ± 

SD 

Goat fat 

wax  

1.0 0.80 ± 0.00 0.63 ± 0.02 27.57 ± 0.67 21.88 ± 0.01 1.28 ± 0.11 

2.0 0.78 ± 0.02 0.62 ± 0.00 39.21 ± 0.59 20.53 ± 0.59 1.26 ± 0.08 

Carnauba 

wax  

2.0 0.85 ± 0.00 0.71 ± 0.01 33.77 ± 0.42 16.07 ± 0.23 1.19 ± 0.05 

3.0 0.82 ± 0.01 0.71 ± 0.01 31.40 ± 0.43 13.27 ± 0.15 1.15 ± 0.10 

5.0 0.80 ± 0.00 0.70 ± 0.03 29.06 ± 0.14 12.50 ± 0.07 1.22 ± 0.06 

7.5 0.77 ± 0.02 0.69 ± 0.04 26.96 ± 0.07 10.34 ± 0.14 1.12 ± 0.05 

Granules 

by 

slugging  

0.0 0.82 ± 0.00 0.66 ± 0.01 35.91 ± 0.44 19.51 ± 0.07 1.24 ± 0.08 

  
TABLE 2: Physical properties of tablets before storage 

Type and concentration 

of wax (% w/w) 

Friability (%) ± SD Tensile strength (MNm
-2

) ± 

SD 

Disintegration time (min) ± SD 

Goat fat 1.0 3.08 ± 0.04 0.02 ± 0.01 2.28 ± 0.12 

2.0 3.10 ± 0.01 0.02 ± 0.00 5.04 ± 0.08 

Carnauba 2.0 2.98 ± 0.10 0.04 ± 0.01 5.30 ± 0.13 

3.0 2.23 ± 0.03 0.04 ± 0.00 5.02 ± 0.09 

5.0 1.38 ± 0.01 0.05 ± 0.01 4.29 ± 0.15 

7.5 1.35 ± 0.04 0.05 ± 0.01 4.02 ± 0.08 

Tablets by 

slugging 

0.0 1.09 ± 0.05 0.07 ± 0.00 3.50 ± 0.14 

 

TABLE 3: Effect of ambient humidity on the Physical properties of aspirin tablets 
Wax type / concentration   

(% w/w) 

Friability (%) ± SD Tensile strength(MNm
-2

) ± SD Disintegration time (min) ± SD 

1
st
 month 2

nd
 month 1

st
 month 2

nd
 month 1

st
 month 2

nd
 month 

Goat fat  

  

1.0 3.20 ± 

0.05 

3.20 ± 0.10 0.02 ± 0.01 0.01 ± 0.00 1.19 ± 0.05 0.35±0.10 

2.0 3.50 ±0.05 3.50 ± 0.10 0.01 ± 0.00 0.01 ± 0.00 2.43 ± 0.05 3.25±0.08 

Carnauba wax  2.0 3.20 ± 

0.15 

3.30 ± 0.10 0.02 ± 0.01 0.02 ± 0.00 2.43 ± 0.02 4.08 ± 0.07 

3.0 3.01 ± 

0.12 

3.10 ± 0.04 0.02 ± 0.01 0.02 ± 0.00 1.31 ± 0.01 1.42 ± 0.01 

5.0 1.40 ± 

0.05 

1.58 ± 0.03 0.03 ± 0.00 0.03 ± 0.00 1.25 ± 0.05 1.35 ± 0.02 

7.5 1.40 ± 

0.03 

1.52 ± 0.05 0.04 ± 0.01 0.03 ± 0.00 1.23 ± 0.04 1.45 ± 0.05 

Slugging  0.0 2.31 ± 

0.02 

2.09 ± 0.01 0.06 ± 0.01 0.06 ± 0.00 0.46 ± 0.05 0.42 ±0.09 

 

TABLE 4: Effect of relative humidity (RH 0%) on the physical properties of aspirin tablets 
Wax type / concentration 

(% w/w) 

Friability (%) ± SD Tensile strength (MNm-2)                                     

± SD 

Disintegration time (min)    ± SD 

1
st
 month 2

nd
 month 1

st
 month 2

nd
 month 1

st
 month 2

nd
 month 

Goat fat  

  

1.0 3.10 ± 0.04 3.10 ± 0.00 0.02 ± 0.00 0.02 ± 0.00 1.39 ± 0.03 1.13 ± 0.04 

2.0 3.18 ± 0.05 3.15 ± 0.03 0.01 ± 0.00 0.02 ± 0.00 4.26 ± 0.08 1.00 ± 0.09 

Carnauba wax  2.0 3.01 ± 0.00 3.00 ± 0.01 0.03 ± 0.00 0.03 ± 0.00 4.19 ± 0.09 5.50 ± 0.08 

3.0 2.45 ± 0.05 2.45 ± 0.05 0.04 ± 0.00 0.04 ± 0.01 2.15 ± 0.02 1.07 ± 0.05 

5.0 1.38 ± 0.01 1.35 ± 0.02 0.05 ± 0.00 0.05 ± 0.00 1.38 ± 0.03 1.46 ± 0.04 

7.5 1.35 ± 0.01 1.32 ± 0.03 0.05 ± 0.00 0.05 ± 0.00 1.55 ± 0.01 1.43 ± 0.05 

Slugging  0.0 1.10 ± 0.02 1.25 ± 0.01 0.06 ± 0.00 0.06 ± 0.01 1.26 ± 0.05 0.50 ± 0.08 
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Figure 1: Drug release profile of aspirin tablets produced by slugging (*) and by melt 

granulation with carnauba wax: 2% (♦), 3% (■), 5% (▲) and 7.5% (x) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Drug release profile of aspirin tablets produced by slugging (▲) and by melt 

granulation with goat fat (♦) and 2% (■) 

 
IV. Conclusion 

Melt granulation technique, which is considered a simpler and cheaper method produced aspirin tablets 

with better physical stability than aspirin tablets produced by slugging when stored under ambient humidity and 

1% relative humidity. Despite the fact that waxes are hydrophobic in nature, tablets disintegration and 
dissolution properties were not impaired. Carnauba wax even improved the flow and packing properties of the 

resulting granules. 
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