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Abstract
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The restriction on the use of conventional wood preservative necessitated the search for eco-friendly wood bio- 
preservative against bio-deteriorating agents. The study was carried out to evaluate the potential of Azadirachta 
indica (neem) leaf against fungal attack on Triplochiton scleroxylon wood. Ethanol was used as the solvent to get the 
extract from neem leaves after which five different concentration levels (100%, 75%, 50%, 25%, 0%) were prepared. 
Phytochemical screening of the crude extract was done qualitatively.  Forty-eight wood blocks, (each 20 mm x 20 
mm x 60 mm) obtained from a 22-year old Triplochiton scleroxylon felled from area J4 of Omo Forest reserve, Ogun 
state, Nigeria were conditioned and treated with the extract using dipping method and the untreated samples served 
as the control. The wood blocks were inoculated with Pleurotus saju caju (brown rot fungi) and Pleurotus florida 
(white rot fungi) for 14 weeks. Absorption of neem leaf extract by wood blocks was determined for all the 
concentration levels and the resistance of the wood against fungal decay was evaluated using weight loss. Data 
obtained was analyzed using Analysis of variance at p≤0.05. Phytochemical screening of the oil indicated the 
presence of alkaloids, phenols, terpenoids, tannins, saponins and flavonoids.  The retention of the preservative by the 

-3wood ranged between 11.15 - 110.29 kgm  and weight loss ranged between 3.68-36.22% and 4.31- 38.26% for white 
rot and brown rot respectively. The different preservative concentration levels significantly influenced the weight 
loss of the wood species used in this study. However, T (50%) and T  (25%) were highly resistance to Pleurotus saju 3 4

caju and Pleurotus florida. Hence, it is concluded that the neem leaf extract is effective in protecting Triplochiton 
scleroxylon wood against Pleurotus saju caju and Pleurotus florida.

Introduction
Tropical forests are endowed with a high diversity of 
wood species such as Triplochiton scleroxylon 
(Nzokou et. al., 2015). Triplochiton scleroxylon K. 
Schum is a tropical tree species known in Nigeria as 
'Obeche'. It is one of the high profit, indigenous, non-
durable species in the Nigerian timber market. It is a 
versatile raw material that has a huge volume supply, 
because it can grow under plantation management 
(Ogunsanwo and Onilude, 2000). However, it's low 
durability predisposes it to wood decay as a result of 
fungal attack, and hence the need for treatment with 
preservatives to enhance its durability (Adetogun, 
1998).  Nevertheless, treatments against bio-
deteriorating agents have been developed in order to 
increase the service life of the wood species (IPT, 
2001). Synthetic wood preservatives such as 
pentachlorophenol, lindane, Dieldrin and Copper 
Chromated Copper Arsenate (CCA) are being used for 
wood treatment. These synthetic wood preservatives, 
although found to be very effective against wood 
destroying organisms, however, their disposal poses 
great concern. None of the existing disposal 
management practices is ideal because treated wood 
waste still contain toxic components that are said to 
cause environmental pollution even after disposal 
(Onuorah, 2000; Tiilikkala et al., 2010). Recently, in 

many parts of the world, researchers have focused on 
the search for alternatives to the synthetic 
preservatives. Recently, in many parts of the world, 
researchers have focused on the search for alternatives 
to the synthetic preservatives such as chemical and 
thermal modification of wood. Although, these are 
effective in preserving wood, reduction in some of the 
wood properties is a major limitation.

However, the world's flora has a variety of plant species 
that has the capabilities of controlling insects and other 
bio-deteriorating agents in a cheaper way in order to 
minimize environmental pollution. The potential of 
using extracts derived from herbaceous plants, seeds, 
so called essential oils, to protect wood against 
degrading fungi and insects has received great attention 
worldwide (Adetogun and Adegeye, 2003; Adetogun et 
al., 2003; Meena et al, 2017).

There has been several reports on the use of bio-
preservative of plant origin in wood preservation such 
as the potential of using Parkia biglobosa as wood 
preservative (Elijah, 2002), Jatropha oil and its 
compounds as anti-termite (Neelu and Sushi, 2010), 
cashew nut extract as fungicides against wood rotting 
basidiomycetes ( Adetogun et al., 2009). Seed oil 
extract of neem has been tested against wood-decay 
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fungi (Adebawo, 2019), Thevetia peruviana seed oil 
was used as bio-preservative against fungi and termite 
attacks (Adebawo et al., 2018). However, there is few 
or no information on the use of neem leaf extract 
against fungal attack on Triplochiton scleroxylon 
wood.

Azadirachta indica commonly called neem and 
Dogonyaro in Hausa, belongs to the family Meliaceae 
(Tomoko et al., 2002). Neem and its products have 
been widely reported to control insect pests (Ascher, 
1993; Schmutterer and Ascher, 1995); plant bacterial 
diseases (Abbasi et al., 2003); plant fungal diseases 
(Vir and Sharma, 1985; Dubey et al., 2009). Several 
studies have pointed out the potential of neem tree (A. 
indica) as fungicide against plant pathogenic fungi and 
safe biocontrol agent (Abbasi et al., 2003; Dubey et 
al., 2009). However, there is few or no information on 
the use of neem leaf extract against wood fungal decay. 
Hence, this study was carried out to evaluate the 
potential of Azadirarachta indica leaf extract as 
fungicide against wood decay fungi on Triplochiton 
scleroxylon K. Schum.

Materials and Methods
Preparation of Wood Samples
Wood samples were taken from 22 years old 
Triplochiton scleroxylon felled from Omo Forest 
Reserve, Ogun State, Nigeria. The wood samples were 
cut into wood blocks with dimension 20 x 20 x 60 mm 
according to ASTM D 1413(1976) test method for 
solid wood. The wood block samples were sanded 
with sandpaper to eliminate rough edges. The initial 
weight of the samples was taken and then oven dried 
for 24 h at temperature of 103 ± 2 ºC to constant 
weight.

Methanol Extraction: 100g air-dried powders of 
neem leaves were soaked in a container of 1000 ml of 
methanol solvent. The mixtures were placed at room 
temperature 27°C ± 2 for 24 h. The mixture was 
filtered through muslin cloth and then re-filtered by 
passing through Whatman filter No. 1. The filtrate 
obtained was concentrated by complete evaporation of 
solvent after 12 hours. Solution was stored at 4°C in 
sterilized bottles until required following the process 
previously used by Rauha et al., (2000).

Preparation of Neem Leaves for Extraction:
 Fresh leaves of Azadirachta indica (A. Juss) was 
collected from the Polythecnic Ibadan, Oyo State, 
Nigeria. The leaves were washed under running tap 
water and rinsed with distilled water and then air dried 
for seven days at room temperature (27°C ±2) to a 
moisture content of 12%. The dried leaves were 
grinded with pestle and mortar and a 25-mesh diameter 
sieve was used to obtain a fine powder.

Phytochemical Screening of the Leaves' Crude 
Extract: The methanol crude extract was used for the 
phytochemicals, by dissolving 5g in 40ml of distilled 
water to detect. The presence of Alkaloids, Saponins, 

C = grams of preservative in 100g of solution, 

Determination of Weight Loss: The wood blocks after 
ºexposure to fungal attack were oven-dried at 103 C for 

24 hours and then re-weighed to determine the weight 
loss. The percentage weight loss was estimated using 
equation 2

3V = volume of wood specimens (cm )

Dilution and Treatment of the Wood Samples

The inoculums of white rot fungi (Pleurotus florida)) 
and brown rot fungi (Pleutorus saju caju) were cultured 
using Potato Dextrose Agar as a culturing medium.  The 
control wood blocks, and test blocks treated at each 
concentration level of seed oil extract were placed in 
McCartney bottles containing the actively growing test 
fungi. All test blocks were exposed to the fungi at room 

0temperature (27±2 C) for 14 weeks. At the end of 
incubation period, the blocks were removed from the 
culture bottles and the adhering mycelia were carefully 
cleaned off the wood surface. 

Where, 

Tannins ,  Phenol ,  Flavonoids ,  Terpenoids ,  
Anthraquinones, Steroids and Phlobatannins, coumarin 
and anthocyanins were determined by using standard 
analytical procedures as described by Trease and Evans 
(2002).

 2015)    

T  = initial weight of the conditioned wood specimen    1

       impregnation and wiping (g) 

Preparation of Fungal Culture Medium 

3Retention (kg/m )                  …… (1) (Faruwa et  al., 

Where, G = (T – T ) = amount of treated solution 2 1

absorbed by the wood specimen (g)

Weight Loss (%) =

The absorption rate was estimated using the equation 1.

T  = weight of the wood specimen immediately after 2

T2 = Weight (g) of treated wood before exposure to  
 fungi 
T3 = Weight (g) of treated wood after exposure and final 
 conditioning. 

        before impregnation (g) 

The neem leaf extract was made into five different 
concentration levels using methanol as a diluent. 
Volume by volume method was adopted i.e. 20ml of leaf 
extract and 80ml of methanol equal 20% concentration. 
Hence, 100% (T ), 75% (T ), 50% (T ), 25% (T ) and 0% 1 2 3 4

(T ) was used for this experiment which is in accordance 5

with Adebawo et al., (2018). Each of the diluted 
concentration has four (4) replicates of wood samples. 
The wood samples were immersed into different 
concentration levels for 24h, after, they were removed, 
air-dried and the final weight was taken. The untreated 
wood samples served as the control (T ) was left without 6

immersion. 
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Phytochemicals Neem Leaf Extract 

Flavonoids ++ 

Saponins ++ 

Alkaloids +++ 

Phenols +++ 

Tannins ++ 

Terpenoids ++ 

Antharaquinones - 
Anthocyanin - 
Phlobatanins - 
Coumarin - 
Steroids - 

 

Results and Discussion
Phytochemical Screening of Neem leaf Extract

Statistical Analysis: The data obtained were 
subjected to analysis of variance (ANOVA). Means 
were separated with the aid of Duncan Multiple 
Range Test (DMRT) at 5% level of significance. 

The result of the qualitative phytochemical screening 

of the neem leaf extract is presented in Table 1. It was 
observed that Saponins, Flavonoid, Tannins, Alkaloids, 
Terpenoids and Phenols were present in the extract 
while Coumarin, Phlobatanins, Steroids, Anthocyanin 
and Anthraquinones were absent in the extract. 
Phytochemicals commonly use different mechanism to 
exert their antimicrobial activities. They are 
biologically active compounds in plants because they 
protect the plants against infections (Scalbert 1991).

Note:  +++ means phytochemicals are intensely present
++ means phytochemicals are fairly present
- means phytochemicals are absent

Table 1: Phytochemical Analysis of Neem Leaf Extract

The result of the present study showed that six different 
phytochemicals are present in the extract which is also 
in tandem with the result of Dash et al. (2017) who 
reported the presence of Alkaloids, saponins, tannins, 
phenols, flavonoids, and terpenoids. The presence of 
these phytochemicals are the reasons for the antifungal 
properties of neem.

Qualitatively, alkaloids were hugely present in the 
extract and this has been reported that it acts as 
deterrent against microbial and insect attacks (Smith, 
1996; Macel, 2011). This result corroborates the 
findings of Keta et al, (2019) who reported that 
alkaloids were present in the result of phytochemical 
analysis of aqueous and ethanol extract of neem leaf. 
Alkaloids are organic heterocyclic nitrogen 
compounds that are basic-forming water-soluble salts. 
They contain nitrogen, which is usually derived from 
an amino acid. Alkaloids have been reported to have 
antimicrobial properties which are effective against 
fungal growth (Carson & Hammer, 2010). Other 
phytochemicals that are moderately present such as 
saponins, flavonoids, tannins, phenols and terpenoids 
are compounds that have been reported to be involved 
in the resistance of plants to diseases because of their 
well-known antimicrobial activity (Papadopoulous, et 
al., 1999; Bouarab et al., 2002; Wittstock & 
Gershenzon, 2002, Elisa et al., 2007). They are known 
to have antioxidant, anti-inflammatory and antitumor 
activity. Flavonoid compounds have been reported to 

inhibit wood decay fungi (Onuorah, 2000; Yen et al., 
2008; Li et al., 2014). Terpenoids are reported to be 
used as flavouring agents, insect repellents, fungicides 
and for medicinal purposes (Johnson & Morgan, 1997). 

Absorption of Bio-preservative Formulations 
The results of retention rate of T. scleroxylon wood 
species are presented in the Table 2. The retention rate 
of neem leaf extract by T. scleroxylon wood samples at 

3different concentration levels ranged from 11.15 kg/m  
3to 110.29kg/m  with 0% concentration level showing 

the highest retention and 100% concentration level had 
the lowest. Analysis of variance result (Table 2) has also 
shown that there was a significant different in the rate of 
retention of the leaf extract by the wood blocks. A 
decreasing trend in the retention of each treatment level 
was observed from 100% to 0%. The highest retention 
observed in the 0% (solvent alone) must have been due 
to easy penetration of the solvent into the cell walls of 
the wood in the absence of the leaf extract. This result of 
higher retention of 0% (solvent alone) treatment level 
by the wood is in line with the work of Adenaiya et al. 
(2016) on treatment of Pinus caribaea wood with castor 
seed oil, who reported highest retention rate for 0% 
(solvent) treatment level.

However, the decrease in retention rate as the 
concentration of the extract increases implies that more 
of the extract were retained in the cell wall as the 
concentration increased, indicating that the 
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3Table 2: Mean Values and Analysis of Variance of Absorption (kg/m ) of Neem Leaf Extract by T. scleroxylon

Treatments levels  Retention (kg/m3)   
100% (T1)  11.15 ± 0.02e

 
75% (T2)

 
30.21 ± 0.19d

 50% (T3)
 

57.49 ± 0.22c

 25% (T4)

 
87.89 ± 0.43b

 0% (T5)

 

110.29 ± 0.62a

 Control (T6)

        

 

Weight Loss of T. scleroxylon

Analysis of variance (Table 3) shows that there is 
significant difference between the two fungi 
(pleurotus florida and Plerotus saju caju). The result 
of the weight loss of the untreated samples indicated 

The result of weight loss of T. scleroxylon wood 
species is illustrated in Figure 1. The mean weight loss 
due to Pleurotus florida attack ranged from 3.68% - 
36.22%. Control had the highest mean weight loss of 
36.22%, while 50% concentration level had least 
weight loss of 3.68%. The mean weight loss due to 
Pleurotus saju caju attack ranged from 4.31% - 
38.26%. Control had the highest mean weight of 
38.36% while the least was observed in 50% 
concentration level.

Mean with the same alphabet are not 
significantly different from each other 
at α = 0.05 using DMRT

that the two fungi significantly attack the wood, but the 
treated wood were resistant to the attacks by the fungi 
according to the class of wood decay (ASTM D2017 
(2005)) presented on table 4. It could be observed from 
the results that T  and T treated wood blocks were 3 4 

highly resistance to the fungi attack while T , T  and T  1 2 5

were resistance to the fungal attack. However, the 
control, T was moderately resistance to the fungal 6 

attack. This result is expected as it has been reported 
that neem extract has antifungal properties.  Likewise, 
there is significant difference among the treatments for 
the weight loss.  A similar pattern of weight loss was 
observed for both white rot fungi and brown rot fungi 
with a decreasing rate from control samples to 50% 
treatment level. 

Figure 1: Weight loss of treated and untreated T. scleroxylon wood after fungal decay

99
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concentration of the 75% and 100% treatment levels 
was too high to enable smooth absorption into the 
wood. It is well documented that retention depends on 

the concentration of active substances in the 
solution, hence an increase in the 

concentration of the preservative leads to 
increase in retention (Naveri et al., 2017). 
However, the preservative retention range 
observed in this study for the leaf extract 
decreases as the concentration increases. 



 
 

Table 3: Analysis of Variance of T. scleroxylon Wood Treated With Neem Leaf Extract after Fungal Decay.

   
 

The effects of T  and T  on the percentage weight loss of 3 4

the wood after white rot fungal attack were not 
significantly different (p>0.05) from each other. Also, 
the effects of T1and T onbrown rot fungal attack were 2  

not significantly different from each other. This 
confirms effectiveness of the oil extract solution in 
enhancing decay resistance of wood (Goktas, et al., 

Treatment
 

 
White rot 

 (Pleutorus florida)
 

Brown rot 
 (Pleutorus saju caju)

 

 

Weight Loss (%)

 T1 (100%)

 

15.76 ± 0.12c

 

15.57 ± 0.81c

 
T2 (75%)

 

11.42 ± 0.14b

 

13.72 ± 0.33c

 
T3 (50%)

 

3.68 ± 0.16a

 

4.31 ± 0.41a

 
T4 (25%)

 

5.66 ± 0.13a

 

8.04 ± 0.1b

 

T5 (0%)

 

19.56 ± 0.15d

 

26.31 ± 0.22d

 

T6 (Control) 36.22 ± 0.42e 38.26 ± 0.32e

Mean with the same alphabet are not significantly different from each other at α = 0.05 using DMRT

2007). The results of this study corroborate the findings 
of Mazhar, et al., (2013) and Ahmed, et al. (2007) who 
reported that seeds extracts of medicinal plants such as 
Azadirachta indica could be used as fungi controlling 
agents. High alkaloids and tannins content in the neem 
leaf extract could be responsible for antifungal property 
observed in the treatments with lower weight loss.

Average weight loss (%) 

 

Class resistance 

 

0-10

 

Highly resistant 

 

11-24

 

Resistant 

 

25-44

 
Moderately resistant 

 

45 or above 
 

Slightly resistant or non-resistant 
 

 

Table 4: Class of Wood Decay Resistance Expressed As Weight Loss 

Conclusion
From the results obtained, it is confirmed that neem 
leaf extract contains some phytochemicals such as 
alkaloids, phenols, flavonoids, tannins and saponins 
that accord the extract with antifungal properties. 
Consequently, the growth of the two fungi species on 
Triplochiton scleroxylon wood was significantly 
inhibited by the neem leaf extracts at 25% and 50% 
concentration level of the extract thereby reducing the 
weight loss significantly than in other levels. Further 
studies should be done to determine the quantity of 
each of the phytochemicals present in the neem leaf 
extract to know the exact phytochemical that is 
responsible for the inhibition of the fungal growth.
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