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ABSTRACT 
 
 The tannin contained in the husk of Parkia clappertoniana has been found to be a good leather tanning 
material that could be exploited by mechanized tanneries in extract form. However, no work has been reported 
on its extraction to allow its extract production at commercial level. The effects of particle size of the husk 
powder and extraction conditions such as feed (solid) to solvent (FSR), temperature and time on the extract 
yield were studied in this work. Using water as the solvent, a FSR of 1:20 was found to give the highest yield 
for the conditions investigated at 27oC. The optimal extraction time and temperature were found to lie between 
90 and 120 min and, 50oC and 60oC respectively. The highest extraction yield obtained was recorded at 70oC for 
0.25 mm particle size agitated for duration between 90 and 120 min to be about 78 %. However, economic 
constraint imposed by particle size (i.e. pressure drop, grinding energy and purification cost), volume of solvent, 
time and temperature would ultimately determine the optimal particle size and extraction conditions.  
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Introduction 
 
 The husk of Parkia clappertoniana is the outer part of the plant’s fruit pods and constitutes about 40% of 
the pods (Adewoye, R.O., et al., 1986). The pods serve as the casing for the yellow mealy pulp inside which are 
imbedded the seeds. The water solubles of the husk (under standard conditions) is about 63% and is made up of 
45 and 10 percent tannins and non-tans respectively (Adewoye, R.O., et al., 1986). The tannins from this plant 
have shown good tannage characteristics (Adewoye, R.O., et al., 1987). 
 Parkia clappertoniana which is also called West Africa locust bean tree belongs to the family of Mimoseae 
and is said to be native of West Africa (Dalziel, J.M., 1937; Irvine, F.R., 1960); it grows throughout tropical 
Africa and is found abundantly in Nigeria (Adewoye, R.O., et al., 1986). 
 Though tannins have found uses in other areas such as dye mordant and formaldehyde scavenger, in ink, 
wood adhesives and polyurethane manufacture and, in promoting blood clotting (Anon, 2004; Zuvkovic, J., et 
al., 2009; Makino, R., et al., 2009), its use in leather tanning is very significant (Cutting, N.J., 1998). There are 
many tannin extract plants all over the world servicing the leather industry (Makino, R., et al., 2009; Cutting, 
N.J., 1998; Purushotham, H., et al., 1995). The raw materials of these extract plants are usually sourced from 
different parts of vegetable plants such as leaves, barks, roots and fruit pods among others. Some of the 
vegetable plants that have been utilized include wattle, quebracho, mimosa, chestnut, valonia and myrobalan. 
The commercial tannin extracts are produced either as liquid concentrates or powder; in which forms they are 
already stripped of excess water and insoluble that have no value in leather tanning process.  
 Leaching is the first important processing unit in tannin extract production. The important parameters for 
the solid–liquid extraction process include the choice of solvent, particle size of material being leached and, 
solvent to feed ratio, temperature and time employed for leaching (Purushotham, H., et al., 1995). Water is 
commonly the solvent of choice because of solubility, safety, ease of separation, inertness and availability 
(Purushotham, H., et al., 1995). Temperature and duration of extraction improves extract yield but these are 
ultimately constrained by solvent selectivity and vapour pressure as well as colour sensitivity and onset of 
hydrolysis (Makino, R., et al., 2009; Purushotham, H., et al., 1995; Hanim, W., et al., 1978). In the same vein, 
smaller particle size encourages high extraction yield but high pressure drop, grinding energy and purification 
cost put a cap on this.  It is obvious that a trade-off is required to obtain optimal leaching conditions and these 
vary from one tanniferous material to the other. Attempts have been made to obtain the optimal design variables 
and operating conditions for extraction of tannins from the bark of Arjuna tree, myrobalan nuts, mimosa bark, 
quebracho wood, chestnut wood and mangrove bark among others (Anon, 2004; Cutting, N.J., 1998; 
Purushotham, H., et al., Thorstensen, T.C., 1984).  
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 The two sources of tannins which are of commercial importance in Nigeria are the husks of Parkia 
clappertoniana and bagaruwa (Acacia nilolitica var adansonii) which are presently being used in crushed forms 
in the tanning vats. The utilization of the whole husks add avoidable costs to transportation and storage, results 
in low extraction efficiency and difficulty in getting strong solutions in tanning vat and loss of tannin. From 
extensive search no work on the extraction yield of the husks of Parkia clappertoniana has been previously 
reported, though this is required for commercial utilization of the tannin as extracts. Therefore the work reported 
here investigated the extract yield of the husks of Parkia clappertoniana (using water as the solvent) from the 
husk of different particle sizes (0.25 – 1mm), over a temperature range of 27 to 70oC, with varying feed to 
solvent ratio (1:5 to 1:25) for a time ranging between 30 and 150 min. 
 
Materials and Methods 
 
 The effects of solid (feed) to solvent ratio (1:5 to 1:25), particle size (0.25 to 1.0 mm), temperature (27 to 70 

oC) and time (30 to 150 min) on aqueous extract yield of Parkia clappertoniana’s husk were investigated in this 
study. Effects of feed-to-solvent ratio were investigated at 27oC. Thereafter effects of the other factors using a 
feed-to-solvent ratio of 1:20 were studied. The details of the experiments are given below. 
 
Extraction at Room Temperature 
 
 Ten grams each of the powder of  Parkia clappertoniana’s husk of four different particle sizes (0.25, 0.5, 
0.75 and 1 mm) were weighed into four different conical flasks. 50 ml water was added into each flask and the 
resulting slurries were left for 1 hr and then agitated with mechanical shaker at room temperature (27oC) for 30 
min. These procedures were repeated, but agitation was carried out for 60, 90, 120 and 150 min. 30 ml of the 
extract obtained from each flask in the experiment batches was transferred into a crucible dish and dried at 40 oC 
to constant weight (Wex). The yield (%) of each extract was obtained using Equation 1. 
 

ex w t
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Y ie ld  =  . 1 0 0

W .V
          1 

 
where: Wex is weight of dry extract, g  Wsd is weight of husk powder, g 
 Vwt is volume of water added to solid, ml Vex is volume of extract dried, ml 
 
 The steps described above were repeated but with the water added to the solid increased, in sequence, to 
100ml, 150ml, 200ml and 250 ml. All measurements were done in duplicates and the results are presented in 
Table 1. 
 
Extraction at Higher Temperatures with Fixed Solvent Volume: 
 
 Another set of ten grams of the powder of Parkia clappertoniana’s husk of four different particle sizes 
(0.25, 0.5, 0.75 and 1 mm) were individually weighed into conical flask and 200 ml water added to each. The 
aqueous extractions of the sets of husk powders were carried out, in sequence, at 50, 60 and 70 oC for 30 min. 
The extracts’ yields were obtained as described in the experiments carried out at 27oC. The details of 
experiments described above were repeated, in sequence, for 60, 90, 120 and 150 min. All measurements were 
done in duplicates and the results are presented in Table 2. 
 
Results and Discussion 
 
 The results of the yields of extracts at room temperature are presented in Table 1 and the yields at higher 
temperatures for different particle sizes are given in Tables 2. 
 
Extraction at Room Temperature: 
 
 The extract yield was observed to increase with feed-to-solvent ratio when other factors were kept constant 
as can be seen from Table 1. This trend is expected since given the same solubility the saturation level is 
expected to increase with larger solvent volume. The rate of this increment diminished as the proportion of the 
solvent increased and reached the maximum at 1:20 ratio for all particle sizes investigated at 27oC. 
 Extract yield increased with time as well, when the other factors were kept constant, and reached the 
maximum at 120 min. This appears to indicate that saturation point of solubility of the parkia’s husk was 
attained at about 120 min. In the same vein, the highest incremental rate was observed at the interval between 90 
and 120 min.  
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 Particle size increment reduced the extraction yield as expected because the smaller the particle the larger 
the surface area in contact with the solvent (Purushotham, H., et al., 1995; McCabe, W.L., et al., 1985; Perry, 
J.H., 1973). This would be expected to result in higher extract yield using the same solvent and the other 
extraction conditions.  
 
Table 1: Extraction Yields of Parkia clappertoniana at Room Temperature. 

 
Time, min 

Extract yield (%) at different feed-to-solvent ratios (FSR) 
1:5 1:10 1:15 1:20 1:25 

Particle size = 0.25 mm 
30 61.3 64.6 65.0 65.3 65.3 
60 65.5 65.6 65.5 65.3 65.8 
90 65.8 65.9 66.0 65.9 65.9 
120 65.9 66.9 67.0 67.9 67.8 
150 65.9 67.9 67.8 67.9 67.9 
  Particle size = 0.50 mm 
30 52.6 54.6 55.0 55.3 55.3 
60 52.7 54.9 56.0 57.9 57.5 
90 52.8 56.3 57.0 57.9 57.9 
120 52.9 59.3 60.5 61.3 60.8 
150 52.9 59.3 60.5 61.3 61.6 
Particle size = 0.75 mm 
30 39.9 42.3 43.0 43.3 43.3 
60 39.9 44.6 45.0 45.9 45.8 
90 40.1 44.6 45.0 47.3 47.4 
120 40.2 46.6 50.0 50.6 50.8 
150 40.2 46.6 50.0 50.6 50.8 
Particle size = 1.00 mm 
30 39.7 42.9 43.0 43.3 43.3 
60 39.9 44.6 45.0 45.9 44.9 
90 40.1 46.6 47.0 47.3 47.4 
120 40.1 46.6 50.0 50.6 50.8 
150 40.2 46.6 50.0 50.6 50.8 

 
Table 2: Extraction Yields of Parkia clappertoniana at different Temperatures 

 
Time, min 

Extract yield (%) at different temperatures (oC) with FSR 1:20 
27 50 60 70 

Particle size = 0.25 mm 
30 65.3 66.9 68.0 69.8 
60 65.3 74.8 76.5 77.0 
90 65.9 76.4 77.0 77.9 
120 67.9 77.0 77.6 78.2 
150 67.9 77.1 77.7 78.3 
  Particle size = 0.50 mm 
30 55.3 60.0 61,8 62.7 
60 57.9 63.7 65.1 67.3 
90 57.9 67.2 68.5 69.2 
120 61.3 69.1 70.4 71.6 
150 61.3 69.4 70.4 71.8 
Particle size = 0.75 mm 
30 43.3 51.2 53.7 54.4 
60 45.9 57.1 58.6 59.1 
90 47.3 58.3 59.1 60.8 
120 50.6 61.7 63.9 65.4 
150 50.6 61.9 63.9 65.4 
Particle size = 1.00 mm 
30 43.3 50.9 51.4 53.1 
60 45.9 54.8 56.0 56.8 
90 47.3 55.6 57.3 58.9 
120 50.6 61.0 62.7 64.8 
150 50.6 61.2 62.8 64.9 

 
 However there seems to be no difference in extract yield between 0.75 mm and 1.0 mm particle sizes. This 
might be due to the fibre length of the husk being about 0.75mm and thus effect of cell wall rupture on 
accessibility of solute to the solvent is not important for particle sizes falling between 0.75 and 1.0 mm. Similar 
observation was made from a study on the effect of particle size on sorption of oil by plant sorbents (Hussein, 
M., et al., 2009). If this assumption is valid rupturing of the cell wall would be an important factor in leaching of 
the husk. 
 Solid-liquid extraction yield should be expected to be dependent on accessibility resistance to the solute 
offered by the particles to, as well as the solubility of the solute in, the solvent. While accessibility is influenced 
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by the particle size (or level of rupture of the cells) and viscosity of the solvent (which affects diffusion of the 
solvent within the cells) solubility depends on the extent of chemical similarity between the solvent and solute 
as well as the temperature. Incidentally temperature has dual effects on dissolution ability and transport of the 
solvent within the particles being leached. 
 Under conditions of experiment which gave rise to the data in Table 1, the maximum leaching seemed to  
occur somewhere between 90 and 120 minutes using feed to solvent ratio of  1:20 at 27oC. This observation 
seems to occur with the four particle sizes investigated. 
 
Extraction at higher temperatures: 
 
 As it is to be expected, the extract yield increased with temperature. This could be ascribed to combined 
effect of lower resistance to solute accessibility (due to enhanced viscosity of solvent and rupture of cell wall) 
and increased solubility of the solute in the solvent (Purushotham, H., et al., 1995; McCabe, W.L., et al., 1995; 
Perry, J.H., 1973). The rate of increase in yield was observed to be highest at the lower temperature (between 27 
and 50oC) and decreased with temperature as can be seen in Table 2. 
 For all particle sizes, optimum temperature appears to lie between 50 and 60oC because the point of 
inflexion seems to occur between these points. However at all temperatures and for all particle sizes the yield 
was observed to record the highest values at extraction time of 120 min. For practical purposes, optimum time 
would appear to be between 60 and 90 min because highest incremental rate in yield is located within this time 
range (see Table 2). 
 With respect to particle sizes 0.75 and 1 mm, a little difference was observed in extract yield between 50 
and 70oC whereas there was no noticeable yield difference at 27oC between them. This is probably due to 
increased solvent diffusion at higher temperature due to lower viscosity of the solvent. The other possible reason 
would be the rupturing of cell walls due to greater heating effects at higher temperature. 
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