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ABSTRACT 
 
 The use of tannins (i.e., polyphenols) from plant parts in phenol formaldehyde adhesives is less expensive 
but effective regarding bonding against cyclic moistening and re-drying. Plant barks contain more tannin than 
any plant part. Tannins were therefore extracted from the barks of three hardwoods of frequent forest 
availability (i.e., Alstoniaboonei, Funtumiaelastica andTetrapleuratetraptera) using Soxhlet extractorwith two 
solvents. Results indicate the presence of tannin at the bark extracts of each plant with water being more 
efficient for the extraction of tannins than 1%NaOH. Aquantitativediagnostic tool for determination of tannin 
content (Stiasny number) gave 88.49% for T. tetraptera as the highest and 74.61% as the least from F. elastica 
bark from distilled water extraction. The highest tannin concentration, using 1% NaOH, was 37.46% for T. 
tetraptera and the lowest (11.46%) for A. boonei. Thus, non-utilized bark residues from these tropical 
hardwoods, especially T. Tetraptera, could be exploited commercially for affordable tannin-adhesive production 
for accessible value-added wood laminates. 
 
Key words: Bark extract,Iron (III) chloride, phenol formaldehyde, qualitative test,Stiasny number. 
 
Introduction 
 
 Economic policies of several countries discourage the exportation of round logs and encourage the 
production and export of laminates, veneer, plywood, panel boards and furniture by reconstituting wood through 
gluing together of pieces, off-cuts or aggregates (Jetuahet al. 2001). Bruntonet al.(1998) reported that 
Bougainville has an effective ban on all logging activities to promote small and medium-scale timber processing 
amongst Papua New Guinean landholders. The full development of the wood-processing industries is directly 
linked with the availability and affordability of suitable adhesives (Jetuahet al. 2001), which are liquid or semi-
liquid mixtures comprising resin(s), a solvent, an extender and a hardener(Knight 1952; Gavrilović-Grmuša et 
al. 2009), which bond materials (e.g. wood and plastics) together by means of surface attachment and,based on 
their chemical constituents, are of two types: natural and synthetic (Lau et al. 2002; BASF 2006). Natural 
adhesives derive their principal ingredients from organic sources including starch, natural resin from wood and 
skins of fish (Mahút&Rēh 1995), or from tannins [i.e., complex dark-coloured organic compounds of varying 
amounts in all parts of woody plants especially from the bark] (Yazaki& Collins 1994). The synthetics (often 
based on elastomers, thermoplastics, emulsions and thermosets) are extremely strong and are gradually making 
a firm foothold in a number of industries where they are mostly used. They are easyto use, versatile,flexible and 
common(Goddard 2010). Currently, several countries import expensive synthetic glues (e.g. urea-formaldehyde 
[UF] and phenol-formaldehyde [PF]) for exterior grade plywood (Jetuahet al. 2001). The high PF cost is 
attributed to the increasing demand for crude oil from which phenol is synthesized (Mohandas 1992), which 
makes reconstituted wood expensive. Several attempts to partially replace phenol in PF resol-type resins with 
carbohydrates derived from wood have been reported in literature (Conner et al. 1986; Christiansen and 
Gillespie 1986; Conner 1988 cited in Santana et al. 1995). The use of alternative raw materials for the 
production of cheap and affordable adhesives has discovered tannins (complex polyphenolic compounds, which 
form insoluble complexes with proteins (Readelet al. 2001)) in different parts of organisms, mostly higher 
plants; even the plant galls contain tannin in abundance. The bark has the greatest quantity, which acts as a 
barrier against micro-organisms to protect the tree. However, the concentrations greatly vary in individual plant 
species (Coley 1986).  
 Tannins are extracted from plant materials with different solvents such as petroleum ether, ethanol, 
methanol, water, sodium hydroxide oralkali (Siminonescuet al. 1988; Takano et al. 1989; Darkwa&Jetuah, 
1996). Chavanetet al. (2001) obtained most condensed tannins from various pea varieties using methanol and 
acetone at different concentrations with acidification. Li and Maplesden (1998) reported that the potential for 
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the production of radiata pine (PinusradiataD. Don.) bark tannins for wood adhesives has long been realised but 
commercial production has not succeeded due to the high production costs associated with the appropriate 
quality of high yield extracts. Therefore, many techniques such as water extraction with addition of chemicals, 
solvent extraction and fractionation of extracts with ultra-filtration have been developed to increase the yield of 
the pine bark tannins and to improve their quality for wood adhesion. However, only the water extraction 
processes, with or without the addition of chemicals, is relatively economically feasible since the solvent is 
easily acquired. Supercritical extraction process to extract the best tannins, four solvents (acetone, methanol, 
ethanol and water), employed as co-solvents and tried at 5% concentration with regard to carbon dioxide 
quantity, established water as the most efficient with CO2 supercritical treatment, while the best trap rinse 
solvent was methanol (Panseraet al. 2004).  
 Tannin-adhesives are industrially and commercially very acceptable they have had little chance to markedly 
influence the phenol-formaldehyde adhesive market, which was reputed to be in excess of 3 million tons 
annually worldwide. The total production of wattle and quebracho tannins has been not more than 150,000 
tons/year, while tannin producers do not make available more than 20-30% of their total production for adhesive 
production (Pizzi et al. 1993). Koch et al.(1987) also reported that commercial utilization of tannin for adhesive 
production for wood is inadequate since raw materials are inconsistently available, low reactivity and glue-line 
brittleness. However, Tsoumis (1991) noted that in tannin-adhesive formulation, small amounts of phenol and 
resorcinol formaldehyde would enhance the tannins for the production of adhesives. In this regard, Dalton 
(1950) found that tannin could be employed as the majorconstituent in the formulation of exterior grade wood 
composite adhesive. Yazaki& Collins (1994) established that, among the parts of the numerous plants they 
studied, the barks also contained most tannin. 
 From the foregoing, this study was undertaken to determine the extraction of tannins from the barks of three 
abundant tropical hardwoods [i.e., AlstoniabooneiDe Wild., Tetrapleuratetraptera(Schum. &Thonn.)Taub., and 
Funtumiaelastic(Preuss) Stapf] using distilled water and 1% NaOH. After harvesting and processing of these 
plants, it is anticipated that extracts from their residual barks could be utilized for affordable adhesive 
production on commercial bases for the wood, leather and tanning as well as other related industries, which 
employ resins as bonding agents for theircomposite products. 
 
Materials and Methods 
 
Preparation of plant barks for tannin extraction: 
 
 The barks of two trees each of A. bonnie, T. tetraptera and F. elastica(30-32 years old, 14-16m high and 
54-56cm diameter) were collected from the Kwame Nkrumah University of Science and Technology (KNUST) 
Botanic Gardens. They were air-dried to 12-14% moisture content (mc) and cut into small chips. Samples from 
each plant were ground in a Wiley millinto a powder and sieved to pass through 0.5 µm mesh, while their mcs 
were maintained at 10% and stored. Milled sample (5g) of each species was weighed into different thimbles, put 
in a Soxhlet extractor and 1% NaOH (250ml) added. The extraction process took 6 h during which the mixture 
in the extractor became colourless unlike the extract in the collector (round-bottomed flask). Another set of 
extraction was similarly performed for each powdered meal (5g) for the three plants using water as the solvent. 
 
(a)  Qualitative test for the determination of the presence of polyphenols/tannins: 
 
 Each distilled water extract was poured into a Petri-dish, while Iron (III) Chloride (5 drops) was added to 
determine the presence of tannin from the bark of each plant. The content was carefully shaken and the 
developed colour noted using the Axis Gear Standard Colour Chart as reference point (www.axisgear.ca). The 
presence of tannins in 1% NaOH extract solution was similarly determined using Iron (III) chloride (5 drops). 
 
(b) Quantitative test to determine the extract yield and Stiasny number of polyphenols/tannins: 
 
i. Extract yield: 
 
 Extract from each plant was put into a beaker of known weight, and kept in an oven of 105±2° C until 
constant weight, cooled in a desiccator and weighed. The extract was allowed to react efficiently with 20ml of 
HCl and formaldehyde (1:1 v/v) mixture for 4 h to enable the solute (i.e. the precipitate) to dissolve in the 
solvent (i.e. 1:1 v/v HCl-formaldehyde mixture). The precipitated solution was then filtered through a sintered 
glass filter and washed with hot distilled water. The precipitate was air-dried to 10% mc and weighed. The 
percentage yield in each sample was calculated as: 
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Where: W1 = Oven-dried weight of sample; W2= Weight of total dry extract.All extractions were done in 
triplicate and the means determined. 
 
ii. Stiasny number: 
 
 Reactive tannin content, which was expressed by the Stiasny number (a quantitative estimation of the total 
polyphenols in tannin) was also calculated for each extract as: 
 

 
 
Where: W3= Weight of precipitate; W4= Weight of dry extract used. 
 
Results: 
 
(a) Qualitative Test: 
 
 In determining the presence of tannin at the bark of each plant using the Colour StandardChart (www.axis 
gear.ca), it was noted that T.  tetraptera extract before the reaction with Iron (III) chloride was cocoa, A. 
booneibark was citrus, while that for F. elastica was cinnamon. This colouration ranged from Army green (a 
deep shade of green) to lime (a lighter shade of green) after the reaction in water (Table 1). The colour of F. 
elastica bark was army green, while that for T. tetraptera, and A. booneibarks was lime, which all showed the 
presence of tannins (Darkwa & Jetuah 1996). For the reaction in 1% NaOH, A. booneibark was initially black in 
colour, while that of T. tetraptera and F. elasticabark was tangerine. After the reaction, T. tetraptera bark 
remained tangerine, F. elasticabarks was citrus and that of A. booneibark showed coffee colouration. Using the 
Axis Gear Standard Colour Chart as reference point (www.axisgear.ca) and the colouration of the extract after 
reaction with Iron (III) chloride,Darkwa & Jetuah (1996) would classify the barks of the woody species of 
containing tannins except that of A. boonei (Table 1). 
 
Table 1: Reaction of distilled water and 1% NaOH extracts with Iron (III) chloride. 

Source of bark extract *Colour of distilled water extract  
 

Inference 

*Colour of 1% NaOH extract  
 

Inference 
Before 

reaction 
After reaction Before 

reaction 
After reaction 

T.  tetraptera Cocoa Lime + Tangerine Tangerine + 
A. boonei Citrus Lime + Black Coffee - 
F. elastic Cinnamon Armygreen + Tangerine Citrus + 

*Darkwa &Jetuah (1996). + = Tannin present; - = No or little tannin present. 

 
(b) Extract yield and tannin concentration from the bark of each hardwood: 
 
 Extract yield was less in distilled waterand ranged from 4.89%(for A. boonei and F. elasticabarks) to 
14.02% (forT. tetrapterabark).Much extract yield was recorded for 1% NaOH; the yield for T. tetrapterabark 
was 75.29%, 62.23% for A. booneibark and 32.61% forF. elastica bark (Tables 2). Nonetheless, Stiasny number 
ranged from 74.61% (for F. elastica) to 88.49% (for T. tetraptera) for extracts contained in distilled water. The 
amount of tannin removed by 1% NaOHwas less than in distilled water. Bark extract of T. tetrapterain 1% 
NaOHhad the greatest concentration of 37.46%, followed by that ofF. elastica(26.02%), while A. booneihad the 
least Stiasny number of polyphenols (11.46%).  
 
Table 2: Extract yield and Stiasny number containedin distilled water and 1% NaOHfor the barks of three hardwoods. 

Source of bark 
extract 

Extract yield Stiasny number 
Distilled water 1% NaOH Distilled water 1% NaOH 

T. tetraptera 14.02 ± 0.33 75.29 ± 5.18 88.49±  0.65  37.46±6.06 
A. A. boonei   4.89 ± 0.22 62.23 ± 2.45 77.27 ± 4.55  11.46 ± 0.26 
F. elastic   4.89 ± 0.98 32.61 ± 1.09 74.61 ± 3.18  26.02 ± 0.38 
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Fig. 1: Extract yield and Stiasny number contained in distilled water and 1% NaOH for the barks of three 

hardwoods. 
 
Discussion: 
 
Qualitative Test: 
 
 Importance of qualitative test in determining the presence of tannin in organic extracts cannot be over-
emphasized since it gives an indication of the presence of phenolic compounds of an organic or a renewable 
material. These phenols are the reactive centres in the flavonoid monomeric units, which link to form the 
condensed macro-molecules of taanin (Anderson 1967). According to Darkwa&Jetuah (1996), Iron (III) 
chloride test performed on plant extracts resulting in blue to green colouration indicates the presence of phenolic 
compounds.These are supposed to be the reactive centres in the flavonoid units (monomers), which are linked 
together to form condensed tannin macro-molecules (Anderson 1967).  
 Chitravadivuet al. (2009) worked on the identification of compounds present in Acalyphaindica, Cassia 
auriculata, Eclipta alba and Phyllanthusniruri. Qualitative test for tannins was done by adding lead acetate 
solution to their extracts. A cream gelatinous precipitate, according to Ukohaet al. (2011), indicated the presence 
of tannins. Practical methods were again applied to determine the presence of tannins in sorghum by Waniskaet 
al. (1992). Two quick qualitative methods were employed: the "Scratch" and the ‘Bleach’ testsbased on the 
assumption that if the kernels contained pigmented testa layer then condensed tannins were present. The 
“Scratch test” peeled away the outer pericarp with a scalpel to determine the presence or absence of a pigmented 
testa layer. The “Bleach test” caused the pericarp to dissolve, revealing the presence or absence of this layer. 
Similarly, Table 1 of this study has indicated the presence of phenolic compounds in all the barks of T. 
tetraptera, A. boonei and F. elastica in the two solvents but in different concentrations. However, 1% NaOH 
could extractlittle or no tannins from A. boonei bark since its lower tannin precipitates (given by the coffee 
colouration) did not fall within the blue to green colouration Darkwa&Jetuah (1996) would indicate as the 
presence of phenolic compounds after the Iron (III) chloride reaction. 
 
Quantitative test for the determination of tannins in the three hardwoods: 
 
(i) Extraction solvents and methods for tannin extraction: 
 
 Expectations from qualitative tests are usually confirmed by quantitative analyses, which are also based on 
extraction techniques and the solvent types. A quantitative spectro-photometric method for the analysis of tannin 
in extracts from Rubusidaeus, Cydoniaoblongaand Rumexacetosawas similarly performed by Cobzacet al. 
(2005). Three extraction methods for tannin from plant materials were compared (i.e., under reflux extraction, 
microwave extraction and sonication), while distilled water was the solvent for extraction. For all the 
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investigated plants, the greatest concentration of tannins was in Rubusidaeus with microwave extraction being 
the most efficient technique of choice. Furthermore, Lokeshwari& Sri Rami Reddy (2010) extracted tannins 
from Anacardiumoccidentaleby pressure-autoclaving method using methanol based on the influence of particle 
size, temperature, methanol content and time of extraction. Determination of polyphenolic compounds by 
spectro-photometry contributed in efficiently establishing the qualitativeand quantitative evaluation of tannins. 
From the latter study, tannin content of A. occidentale husk ranged from 25 - 45% and up to 40 - 55 % (with a 
mean of about 35 to 47%). These variations in content estimates represent differences in the methods of analysis 
andof content that have been conditioned by climatic, edaphic and other environmental factors. In any case, 
Lokeshwari& Sri Rami Reddy (2010) observed that A. occidentale husk provided a cheap source of material 
with comparatively high tannin content.  
 Several studies were carried out for tannin extraction using other solvents and techniques. For instance, 
Pinusoocarpa bark was extracted in autoclave, with a capacity of 15 l, using 5% sulfite of sodium as solvent by 
Ferreira et al. (2008). Similar studies were carried out on solvent and supercritical extraction to obtain natural 
tannins from Acacia spp. barks by Panseraet al. (2004). For solvent extraction,three organic solvents (i.e., 
ethanol, dimethyl ether and n-hexane) were used to remove tannin with Soxhlet Apparatus. Results showed that 
n-hexane and dimethyl ether solubilizated only non-polar organic compounds present in acacia bark, while the 
ethanol extracted the tannin compounds. Darkwa&Jetuah (1996) found 1% NaOH very efficient in tannin 
extraction from many plant species. The present investigation revealed otherwise since water (a very cheap 
solvent) has been established to be very efficient in tannin extraction. It had the greater Stiasny number ranging 
from 66.9 to 88.49% than those of 1% NaOH with a lower yield of 4.89 to 18.16%. Greater Stiasny numbers 
denote greater amounts of tannin in an extract, while low yield means not all the plant extracts were removed. In 
the same vein, Dametey (2010) found water to be very efficient in removing tannins from Acacia mangium and 
A. auriculiformis barks as well as Pinusoocarpa leaves. Meanwhile, this study has revealed that T. 
tetrapterabark had the greatest amount of tannin in both solvents, especially in distilled water. 
 
(ii) Extract Yield and Stiasny number: 
 
 Tannin content and Stiasny number are related to bond strength in tannin-formaldehyde adhesives (Derkyiet 
al. 2011).The authors determined the Stiasny number in Pinuscaribaea(pine) bark extract by the method of 
Hillis&Urbach (1959): For each sample (200 mg) was dissolved in distilled water (20 ml). 10M HCl (2 ml) was 
mixed with 4 ml of formaldehyde (37%) and the contents heated under reflux for 30 minutes and filtered whilst 
hot through a sintered glass filter. The precipitate was washed with hot water (5 x 10 ml), dried over CaCl2 and 
the yield expressed as a percentage of the original material. Vázquezet al. (2007) also determined the extract 
yield in chestnut shell and eucalyptus bark using the Folin-Ciocalteu method by Singleton& Rossi (1965). 
Aqueous solution of the extract (0.5 ml), 2.5 ml of Folin-Ciocalteu reactive, previously diluted with water (1:10 
v/v), and 2 ml of aqueous solution of sodium carbonate (75 g/l) were mixed and kept for 5 mins. at 50 ºC. After 
cooling, the absorbance at 760 nm was measured. The phenol content was then calculated as a gallic acid 
equivalent from the calibration curve of gallic acid standard solutions (2-40 μg/ml) and expressed as gallic acid 
equivalent [GAE] (mg) / mg of extract (on dry basis). The percentage extract yield for the current study ranged 
from 4.89 to 18.16% for distilled water extraction, which was lower than that for 1% NaOH (39.54 - 77.05%). 
However, the Stiasny number ranged from 66.96 to 88.49% in distilled water and (11.46% to 37.46%) for 1% 
NaOH. Polyphenols are slightly acidic (Derrick 2011).  
 Stiasny reaction gives an indication of the number of reactive tannins in an organic material (Derkyi et al. 
2011). The tannin yields were quite lower using distilled water as solvent than expected, considering the work of 
earlier researchers. This could be attributed to the difference in the extraction methods. The use of autoclaves by 
Ferreira et al.(2008) with water produced tannins of 60-65%from Pinusocarpabark. Soxhlet extractor used by 
Darkwa&Jetuah (1996) also produced tannins from Rhizophoraspp. ranging from 59.6 - 68.9% for 1%NaOH 
and 7.7 - 28.7% for water as extraction media. The quantity of tannin that reacted with aldehyde after methanol 
was used for the extraction was 80% using mechanical pulverization method by Nakamotoet al. (2005). 
Considering the above findings, it is worth-noting that the use of Soxhlet extractor for tannin extraction would 
be appropriately considered as very efficient. The tannin concentration was, however, species-specific; it was 
greater for T. Tetraptera barkthan for those of F. elastica and A. boonei. 
 
Variability in extract yield and tannin content among the hardwood barks: 
 
 The differences in extract yield recorded for the barks of the various plants were significantly different (p < 
0.05). The yields were quite lower ranging from 4.89% (for A. booneiand F. elastica) to 14.02% (for T. 
tetraptera) in distilled water than in 1% NaOH, which were respectively 62.23%, 32.61% and 75.29%. 
However, the tannin concentrations for the barks were greater in water (i.e., 74.61, 77.27 and 88.49% for F. 
elastica, A. boonei and T. tetrapterarespectively) but lower in 1% NaOH (i.e., 26.02% -37.46%). Doat (1978) 
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stated that the highest amount of tannins extracted from Rhizophora spp. was 28%, while Offei (1970) obtained 
33%. Jetuahet al. (2001) also reported 70.4% for Acacia niloticaand 43.3% for A. albidaindicating that tannins 
could be extracted in large quantities. The current investigation has revealed that tannin is present in the barks of 
all the hardwoods but in varying quantities. Thus, for water extraction, T. tetraptera had the greatest amount, 
followed by A. boonei, while F. elastica had the least concentration. Moreover, using 1% NaOH as extraction 
solvent, T. tetraptera, once again, had the greatest amount, followed by F. elasticaand then A. boonei.  
 It should be stressed that of the two solvents, distilled water was more effective in extracting tannins since it 
had higher Stiasny numbers in the various bark extracts than 1% NaOH. Thus, distilled water is a good 
alternative possibly at a lower cost in extracting tannin from barks of hardwoods. These plants, which are 
available all year round but are hardly put to anyproduction use by the timber and allied industries, could also be 
commercially exploited for adhesive production since their concentrations fall within 30 to 40% stipulated by 
Ferreira et al. (2008) who cautioned that tannin quantification should be done immediately to avoid formation of 
protein complexes or polymerization, which often leads to erroneous results. Santana et al. (1995) have rightly 
pointed out that the driving forces for such an investigation to study adhesives from renewable resources are 
remarkable due to the inevitable decline in petroleum reserves and the ‘political situation’ in oil producing areas. 
Mohandas (1992) linked high Phenol-Formaldehyde cost to the growing demand for crude oil from which 
phenol is synthesized, which makes reconstituted wood expensive. Therefore, new adhesive systems, as this 
study sought to achieve,need be urgently developed to serve the wood-based panel industry. 
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