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ABSTRACT 

The implication of quinones in decay resistance of teak wood is controversial. To better 
understand the role of individual quinone in this property, we studied the correlations between 
this latter and the content of 2-(hydroxymethyl)anthraquinone, tectoquinone, anthraquinone-
2-carboxylic acid, 1,4-naphthoquinone, lapachol and the new compound 4' ,5' -dihydroxy
epiisocatalponol found in teak wood. Then, we studied the fungicidal activities of these 
quinones in comparison to acetone/water extracts from teak heartwood and sapwood and also 
with the commercial biocide tebuconazole. Broth dilution technique was used to assess the 
toxicity of these compounds against Trametes versicolor and Paria placenta. Decay 
resistance was measured according to current standards and individual quinones content were 
quantified by high performance liquid chromatography. 

High positive correlations were found between teak decay resistance and the content of 4' ,5 ' -
dihydroxy-epiisocatalponol, tectoquinone, 2-(hydroxymethyl)antliraquinone. Whereas no 
correlation was found with anthraquinone-2-carboxylic acid, lapachol and 1,4-
naphthoquinone. Concerning the fungicidal activities of teak wood extractives, acetone/water 
heartwood extract was toxic against the two fungi while that of acetone/water sapwood was 
only fungistatic. 1,4-naphthoquinone and 4' ,5 '-dihydroxy-epiisocatalponol from the 
naphthoquinones family were fongicide. However, lapachol and all studied anthraquinones 
(2-(hydroxymethyl)anthraquinone, anthraquinone-2-carboxylic acid and tectoquinone) were 
fungistatic or not toxic. 

In the present study, 1,4-naphthoquinone was found the more toxic with a fungicidal activity 
1000-times lower than that of the commercial biocide and over 2000-times lower than that of 
acetone/water heartwood extracts. These results show that decay resistance of teak wood 
could be mostly due to the content of naphthoquinone, particularly to that of 1,4-
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naphthoquinone indicating that it could be used as a potential wood preservative for lesser 
durable species. 

Keywords: Tectona grandis, decay resistance, qumone, hemiwood, brown and white rot 
fungi. 

1. INTRODUCTION 

Teak (Tectona grandis) is indigenous of Asia, from countries such as Indonesia, India, 
Thaïland, Laos, etc .. It is a high valuable timber for its texture, aesthetic and its high natural 
durability (Krishnapillay 2000) so that, it has been selected as the most promising species for 
sustainable high quality timber production (Bhat and Priya 2004). For economic reason, teak 
plantations are managed using short rotation inducing an intraspecific variability of teak wood 
properties such as colour and natural durability (Kaosa-ard 2000, Bhat and Florence 2003 , 
Kokutse et al. 2006). Natural durability or decay resistance is an important factor for 
environmentally friendly exterior timber uses. The high resistance of teak wood is ascribed to 
extractives (Haluk et al. 2001, Asamoah and Antwi-Boasiako 2007). Therefore, finding teak 
wood resistance traits would be useful for the fast early evaluation of this property. 
Teak has been reported to contain 1-hydroxy-2-methyl-anthraquinone, 2-
(hydroxymethyl)anthraquinone, 2-methyl-anthraquinone (tectoquinone ), pachybasin, 
dehydrotectol, tectol, lapachol, dehydro-a-lapachone, 2-methylquinizarin, deoxylapachol, 
isodeoxylapachol, 1,4-naphthoquinone, 4' ,5 ' -dihydroxy-epiisocatalponol, B-sitosterol, 
obtusifolin, squalene, betulinic acid, ferulic acid, gallic acid, caffeic acid and caouthouc 
(Niamké 2010, Jaybhaye et al. 2010, Lukmandaru and Takahashi 2009, Shalini and Srivastava 
2008, Sumthong et al. 2008, Thulasidas and Bhat 2007, Khan and Mlungwana 1999, 
Yamamoto et al. 1998, Sanderman and Simutupang 1966). Previous works showed the main 
role of some quinones in teak natural durability. For example, Haupt et al. (2003) indicated 
that tectoquinone, the main compound found in acetone/water fraction of teak heartwood was 
the compound that induced its natural durability . Using the same approach, Thulasidas and 
Bhat (2007) observed however that only the content of 1,4-naphthoquinone influenced this 
property. In addition, the biological activity found after in vitro essays of some quinones is 
also controversial. Certain authors like Haluk et al. (2001) showed that tectoquinone and 
lapachol were fongicide after the impregnation followed by the leaching of samples before 
their exposition to fungi. Other authors like Windeissen et al. (2003) suggested that the 
detection in the non-resistant sapwood of tectoquinone and 2-(hydroxymethyl)anthraquinone 
should call question about their toxicity against wood destroying agents like fungi and 
termites (Rudman and Gay 1961). 
Finally, the implication of teak wood extractives, pmiicularly quinone compounds in the 
natural durability and their classification according to their biological activity remains still 
unclear. Therefore, the present paper focuses on the fungicidal activity of six quinones found 
in teak heartwood in comparison to acetone/water heartwood and sapwood extracts and also a 
commercial biocide. For that, decay resistance was evaluated using current standards, the 
contents of extractives were determined by high performance liquid chromatography and the 
fungicidal activity of individual quinone and other compounds was essayed using a combined 
method of broth dilution followed by the transfer of mycelia on agar plates. These 
experiments will bring some response to the controversy about the real implication of teak 
wood extractives in its decay resistance. This study is the first step of the investigation on the 
biological activities of some quinones found in teak heartwood. 
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2. MATERIAL AND METHODS 

2.1 Plant material 
Six trees of teak (Table 1, step 1) were harvested in Malaysia. One log of 40 cm length was 
eut at breast height for each tree. A transversal wood slice was removed from the wood log 
(Fig. 1 ). From well-characterized slice, four wood blocks (25 x 25 x 10 mm, radial, 
transversal, and longitudinal directions, respectively) were taken successively from the 
sapwood to the pith: sapwood (SW), outer heartwood (OHW), middle heartwood (MHW), 
and inner heai1wood (IHW; Fig. 1, step 1) at a relative distance along the length of the radius 
of 0.90, 0.60, 0.40, and 0.15 respectively. These wood samples were used for the chemical 
analyses. For the decay test, a long slice in the outer heartwood was used to obtain 12 wood 
samples (25 x 15 x 50 mm, radial, transversal, and longitudinal directions, respectively): six 
for the decay test and six for the determination of moisture content (Fig. 1, step 2). Ail the 
wood samples were conditioned in a climatic room (humidity, 65 ± 5%; temperature, 20 ± 
1 °C) until their use. 

Table 1. Spearman correlations between mass losses and the content of individual qui nones frorn teak 

Correlation coefficient 
Phenolic compounds ofteak wood with mass tosses 

1,4-Naphthoquinone -0 .27 ns 
2-(Hydroxymethyl)anthraquinone -0.82 ** 
Anthraquinone-2-carboxylic acid -0.13 ns 
Lapachol -0.10 ns 
Tectoquinone -0.79 ** 
Heartwood extract -0.86 ** 
4 ',5 '-Dihydroxy-epi isocatalponol -0. 90 ** 
** significative at 1 % level; ns not significative at 5% level 

2.2 Natural decay resistance test 
Natural durability bioassays against Antrodia sp. and the durability rating were assessed 
according to European standard EN 350-1 (Afnor 1994). For each tree, six heartwood samples 
(a total of 36 samples (25 X 15 X 50 mm R, T, L)) were weighed (Ml), sterilized (gamma 
ray) and then exposed to the fongus under controlled condition (22°C and 70% HR). Ten 
additional samples of sapwood from Pinus sylvestris (control) were used to control fongal 
virulence. After exposure for 16 weeks, mycelium was removed from the wood blacks, and 
the samples were dried at 103°C to constant mass to determine the aven dry mass (MOJ). 
In order to determine the theoretical initial dry mass, six wood samples were exposed to 
103 °C during 24 hours and the mean moisture content (MC) was calculated. Then, this latter 
was used to calculate the initial dry mass (MOi) of each wood block tests. The percentage of 
mass loss (ML) based on dry weight (MOi) was calculated according to equations presented 
below. 
MOi = Ml x 100/(100 + MC) (1) 
ML = 100 x (MOi - MOJ)/ MOi (2) 
where MOi is the initial dry mass of the wood black tests , ML is the initial conditioned mass, 
MC is the moisture content, and MOJ is the dry mass of the wood block after exposure to the 
fongus. The mean mass Joss was used to determine the natural durability classes for each tree . 
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Fig. 1. Diagram of the wood samples used for chemical analyses (Step 1) and natural durability 
measure (Step 2). Transverse slices were sawn from stem dises from the different trees. White or black 
rectangles in the diagram indicate wood samples. Wood samples were collected from sapwood (SW), 
outer heai1wood (OHW), middle heai1wood (MHW) and inner heartwood (!HW). Another wood slice 
was collected longitudinally in the outer hea11wood for natural durability assessment. 

2.3 Polyphenol extraction and HPLC analysis 
The wood samples used for chemical analysis were ground in a Retsch SM 100 and in a 
Retsch ZM 200 mill (Oise, France) to pass though a 0.5 mm size. Soluble phenolic 
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compounds were extracted and analyzed according to the method described by Niamké et al. 
(2010). Phenolics were extracted from 50 mg of dried wood powder in 1.8 ml acetone/water 
(80:20, v/v) containing 5-methoxyflavone as internai standard, for 45 min by sonication 
(Selecta, Lissieu, France) at 4°C and pH = 2. The samples were centrifuged for 15 min 
(13,400 rpm; Eppendorf mini spin, Le Pecq, France), then the supematant was removed and 
the material residue was extracted again under the same conditions. After centrifugation, the 
two supernatants were pooled and 1.5 ml was dried overnight in a sample concentrator 
(TECHNE Dri-Block DB-3 , Nemours, France). The residue was dissolved in 400 µl of pure 
methanol and 20 µl of this final extract was analyzed by HPLC. 
HPLC-analyses were performed with Kontron apparatus (Toulon, France) using a uptispher 
column ODB 5 µm RP-18 , 250 x 4.6 mm. HPLC conditions were as follow: mobile phase: 
solvent A = water/acetic acid (99 : 1, v/v), sol vent B = methanol/acetonitrile (1: 1, v/v) ; elution 
gradient: 0-21 min 15-30% B, 21-25 min 30-55% B, 25-28 min, 55-70% B, 28-34 min 70-
90% B, 34-40 min 90-30% B; flow rate: 1 mL.min- 1

, detection at 254 nm and 325 nm. Each 
compound was characterized by its retention titne and its UV spectrum recorded between 200 
and 400 nm. The quantification of the main soluble phenolic compounds was performed at 
254 mn. The coefficient of variation of the extraction, separation and measurement procedure 
determined from 6 replicates of the same powder never exceeded 8%. The content of phenolic 
compounds is expressed as µM per g dry weight. 

2.4 4'5'-dihydroxy-epiisocatalponol extraction and isolation 
4'5 ' -dihydroxy-epiisocatalponol was extracted from 39.3 g of dried teak heartwood meals (a 
mixture of meals from the six teak heartwood harvested in Malaysia; see plant material 
above) in 500 ml of acetone/water (80:20, v/v) at 4°C and pH= 2 (see extraction procedure of 
polyphenols above). Acetone was evaporated (rotator evaporator Buchi R-215 coupled to a 
vacuum controller V 850, Rungis, France) and the remaining aqueous phase was lyophilized 
(Bioblock Christ Alpha 1-2, Paris, France). 3.9 g of the residue was dissolved in 25 ml of pure 
methanol. The solution was diluted 4 titnes and the final solution was fractionated by 
preparative HPLC (Agilent Technologies 1200 series, Paris, France) coupled to a fraction 
collector (Agilent Technologies 1200 series, Paris, France). Pl was collected at 9.7 min with 
an output of 0.61 % wood powder material dry weight. The separation and the collection of 
fractions containing the compound Pl were carried out with a semi-preparative HPLC with a 
reverse 5 µm C18 column SA (AB250SP1), 250 x 10 mm (Cluzeau, Paris, France). Semi
preparative conditions were as follow: mobile phase: solvent A= water/acetic acid (99: 1, v/v), 
sol vent B = methanol/acetonitrile (1 : 1, v/v) ; elution gradient: 0-13 min, 30% of sol vent B, 14-
15 min , 30-100% B, 16-25 min, 100% B, 26-28 min, 30% B. The flow rate is fixed at 2.5 ml 
with a maximum pressure of 250 bars and detection at 254 nm. The injection volume was 500 
µl of purified methanolic extract. 

2.5 Fungicidal activity 

One white-rot fongus [Trametes versicolor (Linnaeus) Quelet] and a brown rot fongus (Paria 
placenta Fries) were used. The antifungal assays were performed using a broth microdilution 
(Hadacek and Greger 2000) with a sterile disposable microtitre plates 96 U-bottomed wells, 
Elisa type from (Corning incorporation, New York, USA). Test compounds were dissolved in 
methanol (lapachol, 1,4-naphthoquinone and total soluble extracts of heartwood and 
sapwood), in water ( 4' ,5 ' -dihydroxy-epiisocatalponol) and acetonitrile before mixing with 40 
gS 1 malt extract broth. Stock solutions were used at variable concentrations. The commercial 
biocide was tebuconazole [(3RS)-5-(4-chlorophenyl)-2,2-dimethyl-3-1H-[1 ,2,4-
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triazole ]methyl)-3-pentanol]. The plate was incubated at a temperature of 21 °C and 70% of 
humidity. After 72 hours, inoculums were transferred on agar plastic Petri dishes (9 cm, 
Greiner, France) 40 g.r 1 and 20 g.r 1 malt agar respectively. The radial growth rate (11 days) 
was followed. The growth of the mycelium was evaluated every two days by measuring the 
diameter of the colony. The fungitoxicity, expressed as inhibition activity (IA) of mycelial 
growth, was calculated over contrai on which water was used. Minimum inhibitory 
concentration (MIC) was determined by the lowest concentration of Pl that inhibited totally 
the growth of the mycelium. The concentration that inhibited 50% of the mycelium growth 
(IC50) was determined by using the equation of the calibration curve of ail tested inhibitory 
activity. 

2.6 Statistical analysis 
The XLSTAT software package (Paris, France) was used for the linear non-parametric 
Spearman correlation between Pl content and mass losses because of the lack of normality . 
The non-parametric Mann-Whitney test was used to compare both concentrations and 
inhibitory effects of quinones. Values were considered to be statistically significant at p < 
0.05. 

3.RESULTS 
3.1 Correlation between decay resistance and quinone content 

Figure 2 shows the chemical structure of ail studied quinones. The mean mass Joss determined 
with pine sapwood samples was 28% which was higher than 20% of mass loss recommended 
by the European standard EN 350-1 (Afnor 1994). This result validated the decay test. 
The correlations between mass losses caused by the decay and individual quinones found in 
teak wood are depicted in Table 1. High significant negative correlations were found for 
4',5'-dihydroxy-epiisocatalponol (R = -0.90), the acetone/water soluble extractives of 
heartwood (R = -0.87), 2-(hydroxymethyl)anthraquinone (R = -0.82) and tectoquinone (R = -

0.79). No significant correlation was obtained with 1,4-naphthoquinone, lapachol and 
anthraquinone-2-carboxylic acid. These results indicate that 4' ,5'-dihydroxy-epiisocatalponol, 
2-(hydroxymethyl)anthraquinone and tectoquinone could be chemical attributes of teak decay 
resistance. 

3.2 Antifungal activities of quinones 

The minimum inhibitory concentrations (MIC) and the concentrations that inhibited 50% of 
the mycelium growth (IC50) values of acetone/water heartwood and sapwood extracts, the 
commercial biocide tebuconazole and six quinones found in teak heartwood (Fig. 2) are 
shown in Table 2. These values were obtained using the broth dilution method against 
Trametes versicalor and Paria placenta followed by the transfer of inoculums on agar plate. 
The fungicidal activities of tebuconazole (MIC = 0.043 mg.mr 1

; IC50 = 0.019 mg.mr1 and 
MIC = 0.011 mg.mr1

; IC50 = 0.003 mg.mr 1 for Trametes versicalor and Paria placenta 
respectively) and the no-toxicity of the negative control validated the method. 
1,4-naphthoquinone, heartwood extracts and 4' ,5' -dihydroxy-epiisocatalponol showed 
antifungal activities against Trame tes versicalor and Paria placenta. But 4' ,5' -dihydroxy
epiisocatalponol toxicity against Paria placenta was not evaluated because of the lack of 
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Figure 2. Chemical structure of quinones from teak wood 

Table 2 . MIC and IC50 values (expressed as mg.mr 1
) of compounds from teak wood and tebuconazole, 

Trametes versicalar Paria placenta 
Compound MIC ICso MIC ICso 
2-(Hydroxymethyl)anthraguinone 9.52 
Tectoguinone 
Anthragu inone-2-carboxyl ic acid 93.75 nd nd 
Sapwood 34.53 20.21 
Lapachol 1.30 1.90 
4' ,5 '-dihydroxy-epiisocatalponol 58 28 nd nd 
Heartwood 1.30 0.78 5.60 2.58 
1,4-Naphthoquinone 0.00045 0.00030 0.00023 0.00004 
Tebuconazole 0.04267 0.01943 0.01067 0.00380 
nd: not determined 

solution. 1,4-naphtho~uinone was found to be the more fongicide (MIC values corresponding 
to 0.45 and 0.2 µg .mr respectively against Trame tes versicolor and Paria placenta. 
Lapachol and acetone/water sapwood extracts were only fungistatic. No taxie effect was 
observed but the fungistatic activity was around 70% and 90% respectively. In opposition to 
naphthoquinones, anthraquinones were only fungistatic (2-(hydroxymethyl)anthraquinone 
against Paria placenta and anthraquinone-2-carboxylic acid against Trametes versicalor) or 
not taxie. No toxic and fungistatic effect was observed for tectoquinone. 

4. DISCUSSION 

Broth dilution method was used to test biological activities of plant extracts (Sumthong et al. 
2008, Hadacek and Greger 2000). In the present study, we employed this method which was 
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followed by the transfer of the mycelium on agar plate and incubated during a total period of 
14 days. 
The thresholds of activities of the commercial biocide (tebuconazole) were obtained between 
42.67 µg.mr' and 0.13 µg.mr' against Trametes versicalor and between 10.67 µg.mr' and 
0.13 µg.mr 1 against Paria placenta. IC50 values of tebuconazole were 0.019 mg.mr 1 (0.06 
µM) and 0.003 mg.mr' (0.01 µM) for Trametes versicalor and Paria placenta respectively. 
These results are 40 times lower than those found by the other authors. Indeed, Baya et al. 
(2001) and recently Muhizi et al. (2008) found a toxic effect of tebuconazole at 10 µM and 
2.5 µM respectively after its incorporation in a malt-agar medium. The differences observed 
between our results and that of these authors could be explained by those of the trial methods. 
Indeed in liquid medium, the surface of contact of the mycelium and the biocide is higher and 
allowed a marked toxicity. So, in the present study the method used allowed us to reduce the 
amounts of extracts and to increase the efficiency of the essay. As the method was validated 
by bath positive and negative controls, it could be recommended for studying biological 
activities. This method has many advantages. For example, low quantities of extracts were 
used and the exact concentrations of solutions were known. Consequently, this method was 
appropriated for the comparison of MIC values (Cole 1994). 
The fungicidal activities of teak wood extractives were studied to detennine their role in 
natural durability. Heartwood extracts were taxie against the two fungi while only a 
fungistatic effect was observed for sapwood extracts acetone/water, indicating that taxie 
compounds accumulated in heartwood during the transformation of sapwood into heartwood 
(Niamké et al. 2010). The relative activity of sapwood extract compared to the acetone/water 
heartwood extract could mainly be explained by its low content of toxic extractives and also 
by its high content of non-structural carbohydrates comparatively to heartwood (Niamké et al. 
2010). The fungistatic effect of extract from the sapwood could also be explained by the 
presence of the forsythoside B which is the major compound of teak sapwood (data not 
shown). This latter was recognized for its antioxidant properties (Vrchovska et al. 2007, 
Korkina 2007, Koo et al. 2005, Delazar et al. 2005). Several studies have shown that 
antioxidant compounds acting as radical scavengers contribute to the proliferation of fungi 
inhibition (Schultz and Nicholas 2000, Bidel et al. 2010). 
Teak heartwood contained extractives mainly quinones. In Malaysian teak, main quinones 
were tectoquinone, 4' ,5 '-dihydroxy-epiisocatalponol and 2-(hydroxymethyl)anthraquinone 
and also minor quinones such as lapachol, anthraquinone-2-carboxylic acid and 1,4-
naphthoquinone (Niamké et al. 2010). We tested the fungicidal activities of these compounds 
and we compared their MIC values. The fungicidal activities of teak heartwood quinones 
differed according to the family. Naphthoquinones were found more toxic than 
anthraquinones as previously found by Sumthong et al. (2008). Indeed, 1,4-naphthoquinone 
and 4' ,5 '-dihydroxy-epiisocatalponol were fongicide. These results are in good accordance 
with the works of Thulasidas and Bhat (2007) who found that 1,4-naphthoquinone, the major 
compound of Indian teak conferred to this wood its high resistance to degradation. When MIC 
values of 1,4-naphthoquinone, 4' ,5 '-dihydroxy-epiisocatalponol, acetone/water heartwood 
extracts and the commercial biocide, tebuconazole were compared, it is observed that the 
toxicity of 1,4-naphthoquinone against studied fungi was at least 1000-times, 2000-times and 
11,000-times higher than that of acetone/water heartwood extracts, tebuconazole and 4' ,5 ' -
dihydoxy-epiisocatalponol respectively. While the toxicity of 4' ,5 '-dihydroxy
epiisocatalponol against studied fungi was lower than both acetone/water hemiwood extract 
and tebuconazole. These results indicate that 1,4-naphthoquinone was the compound which 
confers to teak heartwood its high decay resistance and that it could be used as a potential 
wood preservative. 
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In contrast to naphthoquinones, anthraquinones, specially tectoquinone, 2-
(hydroxymethyl)anthraquinone and anthraquinone-2-carboxylic acid were only fungistatic or 
not toxic. These results are different to those found by Thévenon et al. (2001) and Haupt et al. 
(2003) who found a toxic effect of tectoquinone against fungi and termites. 
Besides, differences were observed between theoretical and practical results. Among 4' ,5 ' -
dihydroxy-epiisocatalponol, tectoquinone and 2-(hydroxymethyl)anthraquinone which were 
significantly and highly correlated to decay resistance, only 4' ,5' -dihydroxy-epiisocatalponol 
was toxic against fungi on a hand. And on another hand, 1,4-naphthoquinone which was not 
significantly correlated to decay resistance was found to be the more fongicide . These 
observations could be exp lai ed by the preponderance of 4' ,5 '-dihydroxy-epiisocatalponol, 
tectoquinone and 2-(hydroxymethyl)anthraquinone in Malaysian teak and also by the low 
content of 1,4-naphthoquinone. Our results demonstrate that only very low amount of 1,4-
naphthoquinone ( < 1 µg.mr 1) are needed to assure a high protection of teak heartwood against 
fungi. 

The present study brings some responses to the controversy about the compound which lead 
to teak its high natural durability. But natural durability of wood was not only concerned by 
decay resistance; it includes also prope1iies such as insecticidal, antioxidant, chelation of 
metals activities. Therefore the investigation of those properties for all studied quinones will 
help us to better understand the role of individual quinone in teak natural durability. 

5. CONCLUSION 

The present study provides an evident response to the controversy about the implication of 
individual quinone in decay resistance of teak wood. Indeed, teak wood decay resistance was 
due to the presence of toxic extractives, mainly quinones . In theory, the contents of 4',5'
dihydroxy-epiisocatalponol, Soluble total extractives, tectoquinone and 2-
(hydroxymethyl)anthraquinone were highly correlated to decay resistance. However, 
lapachol, anthraquinone-2-carboxylic acid and 1,4-naphthoquinone were not significantly 
correlated to decay resistance. Testing their fungicidal activity, only 4' ,5 '-dihydroxy
epiisocatalponol and 1,4-naphthoquinone were toxic. The high fungicidal activity of 1,4-
naphthoquinone proved that this compound was the more implicated in teak resistance to 
fungi, so that it could be used as a potential wood preservatives for lesser resistance species. 
As many mechanisms are implied in the wood natural durability, the investigation of other 
properties such as antioxidant and termicidal of these quinones could provide more 
information about the biological properties of these compounds and their role in natural 
d urabili ty property. 
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