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ABSTRACT

The study carried out on the possible valorization of extracts from the wood related to Azobé from Gabon 
allowed to highlight the yields in extractions of biomolecules which gave considerable results ranging 
between 1.5±00 and 23.4±0.4% in the three parts of the tree (bark, sapwood and heartwood) from 
three solvents including ethanol, water-ethanol and water The extractives obtained with ethanol were 
the most bioactive, followed respectively by the water-ethanol mixture extracts and the water extracts. 
The analysis of antifungal properties on Trametes Versicolor and Coniophora Puteana showed overall 
that ethanolic extracts achieve good mycelia inhibition compared to water extracts and extracts obtained 
with water-ethanol mixture had intermediate effects with values ranging from 3.3±0.5 to 96.3±0.2%. 
On the other hand, the same observation was made with regard to the antioxidant properties of the 
extractives. Indeed, the ethanolic extracts had the best antioxidant properties compared to the other 
extracts; nevertheless, the water-ethanol extracts seemed to be more effective than the aqueous extracts. 
Finally, the study of antibacterial properties on Escherichia coli strain allowed to highlight the efficiency 
of ethanolic, water-ethanol and water extracts.

Abbreviations: E. Coli: Escherichia Coli; ANOVA: A Statistical Study By Analysis of Variance; R: Radical; 
AA: Antioxidant Activity
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Introduction
Lophira alata wood, well known under the trade name «Azobe», 

is one of the most widely used tropical hardwoods because it is 
available in larger sizes than other woods with similar technical 
characteristics. Due to its hardness and strength, it is popular in 
heavy construction for extreme situations, such as hydraulic works, 
marine construction, bridges, floors, shipbuilding, industrial floors, 
stairwells, timber-framed houses, railway sleepers and many others 
- Azobe has a high energy value. It is a good firewood that provides 
excellent charcoal. In traditional medicine in Gabon, the bark is 
applied locally in case of kidney ailments. In Cameroon, Gabon and 
Congo, the bark decoction is taken or applied as an enema against 
menstrual pain, the beginning of a hernia or stomach problems. It is 
also taken for kidney pain and toothache. In the Congo, bark powder 

with palm oil and mineral salts is used to treat heart ailments, chest 
pain and spitting blood. In Nigeria, a similar mixture is used for cough, 
fever and jaundice. The bark is said to have analgesic and sedative 
properties and is prescribed for convulsions, epilepsy, eye problems 
and yaws. In the Central African Republic, the bark is applied to snake 
bites, and in Cameroon to heal wounds. 

In Liberia and Congo, the leaves are used to treat leprosy, and 
in Liberia the seeds are sometimes used for the same purpose. The 
leaves are also used as a wash for women giving birth, as a lotion 
for respiratory diseases and dysentery, and in preparations for 
the treatment of yellow fever and insomnia. The twigs are used as 
toothbrushes. And they are used in preparations for the treatment of 
yellow fever and insomnia. The seeds contain about 40% oil, which is 
sometimes used in cooking, e.g., by the Bakas pygmies in Cameroon, 
as an ointment and for soap making (Doumenge & Séné [1]). It is a 
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large tree reaching 50 meters in height with a working diameter of 80 
centimeters. The trunk has a cylindrical or slightly thickened base. Its 
reddish-brown bark is peeled off in scales. In old trees it covers a layer 
of yellow powder. Its edge is red with a white inner part with orange 
fibers. The leaves (up to 45*12 centimeters) are simple, grouped in 
bunches, red when young, leathery and marked with numerous fine 
parallel veins, with a prominent midrib below. Its beautiful white 
flowers are very fragrant. Its dried fruits, red then brown, contain a 
single seed surrounded by two hard wings of different sizes. These 
wings are covered with veins. Lophira Alata is a deciduous, long-lived, 
often gregarious pioneer species of mainly evergreen forests. In the 
driest areas, it is particularly active on the banks of rivers. 

The winged fruits of this hermaphrodite species are dispersed by 
the wind (anemochory) from January to March. Its density at 12% 
humidity: 1060 kg/m2, makes it a class 5 wood in temperate zones, 
as class 5 cannot be retained in hot tropical water, and is therefore a 
wood in contact with the ground, fresh water and sea water. Azobe is 
one of the few seawater resistant species in temperate regions. The 
wood is hard, heavy and very durable and acid-resistant. In case of 
permanent humidity, care should be taken to remove the transition 
wood (Meunier, et al. [2]). It is most common in tropical Africa (Uganda, 
Sierra Leone, Ghana, Ivory Coast, Nigeria, Guinea, Cameroon, Congo). 
In Gabon, it is the second most important local timber, with 37,700 
m³ for sawmills in 2007 (compared to 931,500 m³ for Okoume). It is 
exported in the form of logs in similar quantities (37,500 m3 in 2008), 
but ranks only 7th in log exports. In the first four months of 2010, ITTO 
reported an increase in the price of several tropical woods, including 
azobe, due to strong demand from China. In 2010, Liberia exported 
Azobe logs at a price of US$ 253 per m3 (Doumenge & Séné [1]). Wood 
treatment consists of improving the durability of easily degradable 
wood in order to bring it into compliance with conditions of use, by 
impregnating or brushing it with a preservative product beforehand 
and bringing it into contact with biological wood degradation 
agents, including fungi and termites (Mburu, et al. [3,4]). At the 
laboratory scale, this involves a study of the product to be tested in 
the preparation of a culture medium of Malt extract and Agar. The 
study of the antioxidant property of a wood extract is done with the 
aim of a possible valorization in various fields such as cosmetics, 
agro-alimentary and others (Cochini, et al. [5-10]) and finally in our 
study we studied the antibacterial property of the extracts with the 
aim of a possible valorization as ingredients of antibacterial products 
(Guinoiseau, et al. [11]).

Materials and Methods 
Materials

The Lophira Alata bark samples were collected in Bitam (Woleu-
Ntem, northern Gabon) by a company specializing in the exploitation 
and marketing of various woods, including Azobe. They were 
packaged in plastic after several days of drying in the open air (32°C, 
atmospheric temperature) and transported to Libreville (capital 
of Gabon), then sent by plane to the Laboratoire d’Etudes et de 
Recherches sur le Matériau Bois (LERMAB) at the Faculty of Science 

and Technology of the University of Lorraine in Nancy (France). The 
extraction solvent was 99.9% anhydrous absolute ethanol (Thermo 
Fisher, sigma Aldrich). The fungi used were Coriolus Versicolor and 
Coniophora Puteana which were supplied by the INRIA laboratory 
in 8.5 cm diameter petri dishes.) Extracts of Malt (Fluka) and Agar 
(Fisher scientific bioreagents), an autoclave. And the Escherichia 
Colis bacterium supplied by the IUT de Brabois of the University of 
Lorraine.

Methods

Sampling and Extraction: The bark samples were dried in an 
oven at 103°C for three days. After drying, the samples were ground 
using a FRITSCH type mill (pulurisette 9, vibrating cup mill). The 
powder obtained was used for the Soxhlet extractions. 15 g of powder 
were put in 25*80 Soxhlet cartridges with 200 ML of solvent in the 
extraction flask. After 24 hours, the ethanolic extracts obtained 
were purified with a BUCHI Switzerland rotary evaporator at 40°C 
and the aqueous extracts were freeze-dried with a branded freeze-
dryer and the extracts obtained with the water-ethanol mixture were 
purified with a rotary evaporator and freeze-dried. The crude extracts 
obtained were stored in a dark place until use.

Antifungal Property: The preparation of culture media 
for antifungal tests was carried out according to the method of 
Mounguengui et al., 2016, the extractables are dissolved in ethanol. 
The culture medium was prepared by mixing 40 g of malt and 30 g of 
agar in one liter of distilled water. The whole is homogenized and the 
agar solution is sterilized in an autoclave at 120°C for 25 minutes. In 
300 ML beakers, ethanolic solutions of extractables at concentrations 
of 500ppm, 300ppm and 100ppm are added to the agar mixture. After 
cooling (to about 40°C), the agar medium is divided into different 
beakers and distributed in 8.5 cm diameter Petri dishes. After 
solidification, the culture media are then inoculated with a disc of 
fungal mycelium from a mushroom culture, and the incubation of the 
mushroom is studied within 15 days followed by the calculation of the 
antifungal index according to equation Eq (1):

 
(%) 100DC DTIA

DC
−

= ×  Eq (1)

with: IA ~ antifungal index, DT IA ~  the diameter (in cm) of 
the growth zone in the box containing the extracts at different 
concentration and DC IA ~ the diameter (cm) of the growth area in 
the control box without extractables.

Antioxidant Properties: Antioxidant activity was estimated using 
the 2,2- diphenyl-1- picrylhydrazyl radical inspired by the method 
described by Brand-Williams and co-workers (Brand-Williams, et 
al. [12]). DPPH was prepared by mixing 39.4 mg of solid DPPH in a 
100 ml flask. Extracts of different concentrations were dissolved 
in methanol. 1 ml of DPPH solution (10-4M) and 1 ml of extract 
solution dissolved in methanol were introduced into the analytical 
cell of the spectrophotometer. The mixture is stored in the dark at 
room temperature for 30 minutes. After this period, the absorbance 
is measured at 517nm using a UV-Visible spectrophotometer (UV-
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2550 from SHIMADZU). The test is performed three times and the 
antioxidant activity of the extracts (AA) is calculated as a percentage 
of the control (DPPH alone in methanol without extracts) according 
to the following equation 2:

 ( )% 100A BAA
A
−

= ×  Eq (2)

Where A is the absorbance of control and B the absorbance of 
DPPH solution with extract contact. When the DPPH radical is in 
contact with a substance capable of giving a hydrogen atom (ArOH) 
or another radical (R), the latter is reduced in its non-radical form, 
which is accompanied by a loss of color, which can be observed by the 
change in color from blue-violet (oxidized form) to yellow (reduced 
form) according to equations 3 below.

     

N N

O2N

O2N

NO2

DPPH

DPPH- + ArOH DPPHH + ArOH-

DPPH + R* DPPHROH

 
Eq (3)

Antibacterial Properties: The microplate fluorescence technique 
is the method performed to study the antibacterial properties of 
extracts. It is a technique that allows several tests to be performed 
simultaneously combined with duplicate negative and positive 
controls. The extract solutions were prepared at concentrations of 
300 and 500 ppm without dilution. The culture media were made on 
a 96-well microplate. 50 μL of extract at the concentration studied, 
40μL of reagent (rezasurin = fluorescent probe), 120μL of nutrient 
broth and 20μL of bacterial solution were taken and subsequently 
pipetted into the wells of the Greiner microplate. When making each 
bacterial medium in a microplate, a negative control (consisting 
of the bacteria and water) and a positive control (consisting of the 
culture medium without extracts) are made. Each test is performed 
in duplicate. After filling each well of the microplate, it is covered 
with an adhesive that prevents contact with oxygen. This protects 
the system from external contamination and especially oxygenation 
during the incubation period. The microplate is incubated at (30.0°C ± 
0.5) for 48 hours in the Biotek Flx800 Fluorometer. The fluorescence 
reading (reduction of resazurin to resorufin following oxidation of 
the substrate) of each well is taken every 15 minutes and the data is 
recorded during the whole incubation period. The recorded data is 
transferred and processed in Excel, and allowed us to draw the curves 
that are analyzed afterwards.

Results 
Quantification of Extractives  

The final quantities of extracts from the different parts of the 
tree used according to the solvent are summarized in Table 1 below: 

Quantification of the extractables in the samples (bark, heartwood 
and sapwood) of Lophira Alata was first carried out in order to get an 
order of magnitude of the amount of extractables in each part. From 
the results in Table 1, it appears that there is more extractable in the 
bark with 49.72±0.15, the sum in extractable of the three solvents. The 
yield with ethanol was 23.4±0.4; the ethanol-water mixture 21.6±0.6 
and 4.72±0.15 in aqueous extracts. These results are followed by those 
obtained in heartwood, with a total extractable of 31.9±0.14 of which 
in ethanol 10.8±0.7, ethanol-water mixture 19.5±0.5 and 1.6±0.2 
in water extracts. On the other hand, in the sapwood, the yields are 
much lower as can be seen in the table with a total extractable value 
of the three solvents combined of 15.2±0.5. With 8.2±0.8 for ethanol, 
5.5±0.3 for ethanol-water and 1.5±00 for water. It was found that the 
yield of extractables is a function of the polarity of the solvent. In the 
bark and sapwood, this is not noticeable in the heartwood. These 
yields obtained are in accordance with the literature which shows 
that the amount of extractables is highest in the bark, followed by the 
heartwood and sapwood having the lowest yield. These results agree 
with the usual rates found in tropical species as seen in the work 
of (Mburu, et al. [3,4]). In the following, we studied the effect of the 
extracts on the growth of Corolius Versicolor and Coniophora Puteana 
fungi with the aim of a possible valorization of these extracts as wood 
preservatives easily degradable by these microorganisms. The reason 
for this is that these by-products of the primary wood processing in 
the wood processing chain are currently only used for drying wood 
(~10%) and the rest is burned.

Table 1: Yield of extractives.

Ethanol Ethanol-
Water Water  Total

Bark 23.4±0.4 21.6±0.6 4.72±0.5 49.72±0.15

Sapwood 8.2±0.2 5.5±0.3 1.5±00 15.2±0.5

Heartwood 10.8±0.7 19.5±0.5 1.6±0.2 31.9±0.14

Study of the Effects of Ethanol, Water-Ethanol and Water 
Extracts on Fungi in Antifungal Index

The results obtained in this study are presented in Table 2. 
All the extracts have been given good antifungal indices, with the 
ethanolic extracts showing greater mycelium growth inhibition 
effects than the aqueous extracts, the ethanol/water extracts showing 
intermediate effects. These results can probably be explained by the 
higher concentrations of polyphenols in the ethanolic extracts. The 
concentration of the extracts directly influences their efficacy. The 
higher the concentration, the more effective it is. The extracts seem 
to be more effective in inhibiting the growth of Coniophora puteana 
brown rot than Trametes versicolor white rot (Bopenga Bopenga, et 
al. [13]). This difference can be explained by the ability of white rot 
to produce extracellular enzymes such as laccases or peroxidases 
capable of oxidizing phenolic compounds and detoxifying the 
environment (Janusz, et al. [14]).
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Table 2: Antifungal effect of extracts from bark, sapwood and heartwood of azobe.

Antifungal Index (%)

Fungi Used and Concentrations of Extractables in ppm

Trametes versocolor Coniophora puteana

500 300 100 500 300 100

Ethanol

Bark 100 57 22 100 97 93

Sapwood 92 27 0 100 93 43

Heartwood 88 36 13 98 63 21

Ethanol/Water

Bark 100 13 0 100 86 43

Sapwood 100 7 0 86 84 43

Heartwood 94 36 12 100 86 43

Water

Bark 86 7 0 93 63 21

Sapwood 85 72 51 36 14 0

Heartwood 75 57 21 100 71 43

Studies of the Antioxidant Properties of Extracts 

The Table 3 below reports the antioxidant efficiencies of the 
different extracts measured using the DPPH method. The effective 
concentration to consume 50% of DPPH (EC50) is determined from 
the equation of the percentage inhibition curve as a function of 
sample concentrations. Low EC50 concentrations correspond to high 
antioxidant activities. The antioxidant properties of the extracts were 
analyzed by comparison with catechin and BHT, which are commonly 
used as synthetic antioxidants in different fields. In general, the 
extracts obtained with ethanol are those that have antioxidant 
activities close to those of catechin and BHT. On the other hand, water 
extracts show very low antioxidant properties. The water/ethanol 
extracts show considerable antioxidant values compared to catechin 

and BHT. It can be noticed that heartwood extracts show the best 
antioxidant properties followed by bark extracts and then sapwood 
extracts.

Table 3: Measurement of antioxidant activity of extracts from bark, 
sapwood and sapwood and heartwood.

Azobe Bark Sapwood Heartwood 

Ethanol 4.65±0.3 6.4±0.5 3.3±0.5

Ethanol-Water 5.22±0.4 7.2±0.4 4.3±0.3

Water 96.3±0.2 67.22±0.7 79.7±01

Catechin 2.7±0.4

BHT 3.5±0.5

Figure 1: Scatter boxes of analyses parameters on solvent effect.
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Figure 2: Principal component analysis of the variables analyzed and the extraction solvent.

Furthermore, it can be said that these extracts may be of interest 
for their antioxidant properties. Sapwood extracts with ethanol and 
water/ethanol mixture have values below 10 and are potentially 
interesting as a source of antioxidants. The rest of the extracts with 
higher EC50 values are of little interest for use as antioxidants. These 
results are similar to works in the literature indicating the same 
observations of results obtained in different works on wood from 
Gabon (Mounguengui, et al. [4]) and that of Indonesian wood bark 
extractives (Rosdiana, et al. [15]). Following the different studies 
previously shown above, a statistical study by analysis of variance 
(ANOVA) and principal component analysis was performed to highlight 
the effect of the type of solvent or part of the wood on the extraction 
yield (RDT), on the antioxidant activity (EC50), on the growth of 
Trametes Versicolor (CV500, CV300, CV100) and Coniophora puteana 
(CP500, CP300, CP100) fungi at different concentrations (500ppm, 
300ppm and 100ppm). The results on the explanatory variances 
showed that starting from the PC3 component, there is a very 
large dispersion on the different parameters analysed. The results 
presented are based on the values of the first two components (i.e., 
about 87.8% of the explanatory variables). After some mathematical 
treatments (snv, centering, scalling). The dispersion is still plausible 
when looking at the different parameters but seems to be more 
important for the measure of antioxidant activity (EC50). This could 
be explained by the probable difference of the main active molecules 
in each extract obtained (Figures 1 & 2).

We can see that the analysis of the two principal components 
shows a certain variability and arrangement of the analyzed 
parameters. Regarding the solvent effect, three groups are formed, 
the most discriminating of which is the water extract, which is 
completely separated from the others. In the second group, there is 

a mixture of water/ethanol and ethanol extracts with a higher share 
of ethanol extracts. However, this group shows some dispersion. 
The third and last group is much more clustered and also contains a 
mixture of ethanol/water and ethanol extracts with a higher share of 
ethanol/water extracts. Regarding the area effect or part of the tree 
analyzed, it is difficult to clearly identify the groups. However, there 
is a sapwood effect that seems to be more important than the others.

These results show in general that water extracts on the one hand 
and sapwood extracts on the other hand, whatever the concentration, 
do not really have an effect (low impact) on the activity of the two 
fungi used in this study. Nevertheless, some rare cases can be observed 
(Figure 3) in the heartwood for Trametes versicolor (CV500) where 
the activity of the fungus seems to be identical to that of the sapwood. 
This could be related to the initial state of the heartwood before 
analysis (e.g., degraded heartwood). In addition, we observed an 
effect on the growth of fungi in the bark and heartwood with ethanol 
or ethanol-water type solvents. A greater effect of bark and heartwood 
and solvent (water-ethanol, ethanol) on the activity of Coniophora 
Puteana was observed. But for concentrations of e.g., 100 ppm, the 
activity of Trametes Versicolor seems to be more affected than that 
of Coniophora Puteana for ethanolic and water-ethanol extracts. 
ANOVA tests actually showed a significant difference (p=0 .0265) for 
the activity of Trametes Versicolor with regard to the solvent effect. 
The ANOVA analyses show for the free radical scavenging activity 
that there is no significant difference related to the part of the wood 
tested (p=0.971), but rather to the type of extract (p=0.000048<0.5). 
Regarding the extraction yield, no significant difference was observed 
either in the area extracted (p=0.295) or the type of solvent used 
(p=0.119).
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Figure 3: Example of the effect of fungal growth on the part of the wood analyzed and on the type of extraction solvent.

Figure 4: Antibacterial of water 

a) Ethanol 

b) And water-ethanol 

c) Extracts activities.

Studies on the Antibacterial Properties of Extracts 

The following (Figures 4a, 4b and 4c) show the results obtained 
from tests carried out on the effectiveness of Azobe wood extracts on 
Escherichia coli (E. coli). In general, it can be seen that the extracts 
obtained with ethanol or with the water/ethanol mixture of the bark 
and heartwood compartments have a significant inhibitory effect on 

the growth of Escherichia coli, regardless of the concentration. In 
comparison, the aqueous extracts had less effect on the growth of 
the bacteria. The sapwood extracts obtained with the water/ethanol 
mixture are not effective in inhibiting the growth of the bacterium, 
nor are the water extracts. It can be said that the bark and heartwood 
extracts are bactericidal, while the water/ethanol and aqueous 
sapwood extracts are bacteriostatic. Meanwhile the ethanolic extracts 
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showed good anti-bacterial property as was the ethanolic extract of 
Alpinia Nigra (Ahmed, et al. [16]) but also with the results obtained 
with the ethanolic extracts of Azadirachta Indica bark (Bin Emran, 
et al. [17]).  These results are comparable to those obtained by Saha 
Tchinda in her thesis in 2015, which show that good antibacterial 
properties are only recorded with the extracts obtained from organic 
solvents and a weak antibacterial property with the aqueous extracts.

Conclusion
The present study indicates that ethanol and water/ethanol 

extracts of the different compartments of Azobe wood (Lophira Alata), 
may have potential use as antifungal, antibacterial and antioxidant. 
From the previous study, it can be concluded that the ethanol extract 
is more effective than the water/ethanol and water extracts.

In our study, the extracts showed effects depending on the 
concentration of extractables. These studies on Azobe extracts have 
given significant results that allow further laboratory manipulations 
for more information in order to be able to set up an extraction 
process for their valorization. Our next objective is to carry out 
chromatographic characterization, isolate and establish chemical 
structures. But also, to do impregnations on blocks of wood easily 
degradable by fungi and to study the natural durability conferred by 
the molecules present in the various extracts.
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