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ABSTRACT

This paper provided information regarding artificial agarwood production. Fungi are 
considered as biological agent for agarwood formation and agarwood is assumed as tree defense 
mechanism product. This research was aimed at investigating the anti fungal activity (AFA) 
of Aquilaria crassna, one of the agarwood-producing trees, against Fusarium solani in vitro. 
Aquilaria crassna wood mill was extracted by 70% ethanol to investigate the anti fungal activity.  
The result are Aquilaria crassna exhibited low extractives content, which was only 2.0% (w/w) and 
a low anti fungal activity in vitro, especially for ethanol extract. However, further fractionation 
and bioassay showed that the most active component was likely in the ethyl-acetate soluble 
fraction that exhibited strong anti fungal activity (52.5%) at 4.0% of concentration.  

Keywords: Artificial agarwood production, agarwood-producing tree, extractives, in vitro anti 
fungal activity-assay

I. INTRODUCTION

Agarwood is considered as the most exalted perfumery material because it imparts 
a unique lasting odor to the perfumery products. This commodity in fact is yielded from 
rich resinous heartwood of agar tree as a wounding or a pathogenesis embarked on tree 
stem. Its use as a perfume has been recorded in the Old Testament, also, agarwood has 
been used in traditional alleviation (Barden et al. 2000). These and other uses continue 
today.      

Since agarwood occurrence is believed as plant responses to pathogen infection or 
wounding, thus, not every tree of these plants contains agarwood. Agarwood quality 
is formed along the process of its forming development, while the highest quality is 
achieved at the end of the process that usually takes time (Sumadiwangsa and Harbagung, 
2000). The agarwood is produced by some tropical trees of Thymeleaceae family, whereas 
two genera of its most sought sources, i.e. Aquilaria and Gyrinops, have been listed in 
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Appendix II CITES (CITES, 2004; Blanchette, 2006) because the declination of their 
natural resources. The declination is due to the intensive indiscriminate felling in their 
natural habitat that is stimulated by high price and market demand of the product.  

Artificial agarwood production to offset demand for the lack of wild stock, has been 
developed but it seems likely such efforts have not appeared satisfactorily, in terms of 
both commercial quality and quantity. Researches in aiming the better production of 
artificial agarwood have increased and developed for the last decades (e.g. Barden et al., 
2000; Persoon and Van Beek, 2008). However, it is important to ensure the guarantee 
of the continuity of the agarwood formation by artificial induction (Blanchette, 2006). 
Once the induction takes place, many factors affect the continuity of the agarwood 
formation, such as environment, the inducing agent, the genetic or condition of the tree, 
and human interference (Agrios, 1997).

Agarwood is a plant phytoalexin that is formed after plant suffer an attack, thus 
it is an induced defense of agarwood-producing trees (Isnaini, 2004; Novriyanti, 
2008). However, large variation in agarwood forming should consider variation in 
phytoanticipin (i.e. constitutive defense) of the plants that usually consist of phenolic 
compound in its mechanism. This plant phytoanticipin would determine the tree 
susceptibility to agarwood formation.

Defense mechanism of certain plants is due to its genetic. Tree builds defense 
against stress or disease through certain ways, physically or chemically. The chemical 
composition of the tree is considered as one of its defense system.   As for agarwood, its 
forming is poorly understood, but it is assumed as part of tree defense mechanism against 
the causal agents, either environmental stress or disease (Barden et al., 2000). Therefore, 
observation on agarwood tree chemicals, especially secondary metabolites, is essential 
to select the potential susceptible tree for the agarwood formation. The assumption is 
that the more susceptible tree would respond well to the induction of agarwood forming 
agents, and then tree with the less defense compounds would be more preferred in 
artificial agarwood production.  

The agarwood causal agent could be divided into chemical, physical, and biological 
agents (Prema and Bhattacharyya, 1962; Sumarna, 2005; Pojanagaroon and Kaewrak, 
2006). Mechanical injury could be considered as physical inducer of agarwood 
formation, as the induction of some chemicals, such as oil, sugar, or methyl jasmonate is 
considered as chemical inducer. Fungi are considered as one of the biological agents that 
induce agarwood formation. This biological agent is more preferred since its formation 
development is considered progressive (Erdy Santoso, personal communication).

The research was aimed at investigating the anti fungal activity that possibly exists 
in Aquilaria crassna wood extract and its corresponding fractions against Fusarium 
solani fungi (biological agent of agarwood inducer), in vitro. The susceptible tree to 
the agarwood formation is considered as one that has the less anti fungal compounds. 
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II. MATERIALS AND METHODS

A. Materials 

Wood of A. crassna was collected from agarwood stands at Dramaga Research 
Forest, Bogor. The source tree was about 10 years old (it was planted in 1998). Ethanol, 
n-hexane, ethyl acetate, and buthanol were used as solvent for extraction. F. solani 
(Gorontalo, Indonesia origin, isolate number: FORDA-CC 00509) and assay media 
were obtained from Laboratory of Microbiology of Forest and Nature Conservation 
Research and Development Center, Bogor. The assay media were potato dextrose agar 
(PDA). The PDA media was prepared by boiling 100 g of potato to get the extract out. 
Then the acquired extract was added with 20 g of dextrose and 10 g of agar before passing 
into 1000 ml of solution.  

B. Extraction and Fractionation

Wood mill of A. crassna that passed through 40-mesh screen but retained on 60-
mesh was extracted following modified-method by Wu et al. (2005). We used wood mill 
instead of small wood-pieces as mentioned in Wu et al. (2005) and we used buthanol 
instead of water in this research. Afterwards, 2 kg of the wood mill was extracted in 
70% ethanol until the extract solution obtained was clear. This ethanol extract was 
then successively fractionated by using n-hexane (n-C6H14), ethyl acetate (EtOAc), and 
buthanol (BuOH) in order to acquire dissolved fractions of n-hexane, EtOAc, BuOH, 
and residue (Figure 1).    
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We use the scheme in Figure 1 to group the extracted-compounds based on their 
polarity. We expect n-hexane would retain oils and waxs from the crude ethanol extract, 
and then we targeted phenolic acids and flavonols from the ethyl acetate fractionation, 
and phenol resins from buthanol fraction.

The content of ethanol-soluble extract, its corresponding fractions (n-hexane-
soluble, ethyl acetate-soluble, and buthanol-soluble), and the residue in the wood mill 
were determined based on extract in oven dry weight per wood mill in oven dry weight 
(%, w/w).  

C. Antifungal Bioassay Against F. solani fungi

Ethanol-soluble extract; n-hexane-soluble, ethyl acetate-soluble, and buthanol-
soluble fractions; as well as residue fraction were assayed against F. solani in plate. Each 
of the fractions was made in concentrations of 0% (control), 1%, 2%, 3%, 4%, and 5% 
(w/w, extract weight/agar media weight). The research was arranged in a completely 
randomized design with those concentration levels as the factor, in three replications. 
The PDA media were prepared in sterile condition. Prior to addition of the extract, the 
assay media were sterilized by autoclaving for 15 minutes at 121°C and 1.05 kg/cm2 
pressure. Afterwards, each extract was added to the media. Once the media solidified, 
the mycelial plug of F. solani (5 mm in diameter) was inoculated to the media. Control 
media were added with 2 ml ethanol, since the dilutive agent for the extracts was ethanol. 
After 10 days of incubation, the mycelium growth was measured (mm). The anti fungal 
activity (AFA) was measured following Mori et al. (1997).      
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AFA (%) =                        X 100%          

Where: AFA: anti fungal activity (%); GC: mycelia growth of control or 0% 
concentration (mm); GT: mycelia growth of treatment (mm); A: 
mycelia diameter at the initiation of the assay (mm) 

Based on AFA value, activity of each fraction was then classified into 

activity category level (Table 1). The classification of AFA referred to 

classification by Mori et al. (1997) that was familiar in bioassay against fungi. 

The most active fraction against F. solani is resulted from bioassay. This active 

fraction is assumed to contain the most active compound to inhibit F. solani 

GC-GT 
GC-A 

Where: AFA: anti fungal activity (%); GC: mycelia growth of control or 0% 
concentration (mm); GT: mycelia growth of treatment (mm); A: mycelia 
diameter at the initiation of the assay (mm)

Based on AFA value, activity of each fraction was then classified into activity 
category level (Table 1). The classification of AFA referred to classification by Mori et 
al. (1997) that was familiar in bioassay against fungi. The most active fraction against 
F. solani is resulted from bioassay. This active fraction is assumed to contain the most 
active compound to inhibit F. solani growth. The tree with higher concentration of the 
most active anti fungal compound should be avoided in artificial agarwood production.
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Table 1. Classification of anti fungal activity level

Antifungal activity (AFA) Activity level 

AFA ≥ 75%
75% ≤ AFA < 50%
50% ≤ AFA < 25%

25% ≤ AFA < 0
0

Very strong (++++)
strong (+++)

moderate (++)
weak (+)

not active (-)
Source: Mori et al. (1997)

III. RESULTS AND DISCUSSION

Result of extraction and fractionation revealed that only 2.0% of extractives content 
and most of them were semi polar compounds (Table 2). It was quite low extractives 
content in a tree, whereas other tropical tree could contain extractives more than 10% 
of its dry weight, as the case for extractive content of wood bark of Acacia auriculiformis 
A. Cunn. ex Benth. that can reach up to 19.7% (Yanti, 2008). Lestari and Pari (1990) 
mentioned that extractives content is classified as high if wood contains it more than 
4%. Low extractives content resulted in this study was probably due to the nature of 
the healthy wood of A. crassna. The healthy wood of aquilaria usually white-yellowish 
in color, soft in texture, and light in weight (Adelina, 2004), those characteristic are 
common at wood with low content of extractives. Low extractives content is common 
character of fast growing species such as aquilaria.

Table 2. Extractives content of A. crassna

Concentration (%,w/w)*) Fractions**) concentration 
(%,w/w)*)

Ethanol extract 2.0 n-hexane 0.2

Ethyl acetate 0.6

Buthanol 0.3

Residue 0.9

Total 2.0 Total 2.0
Remarks: *) Calculated based on oven dry weight; **) for the fractionation scheme please refer to 

Figure 1
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Classification by Mori et al. (1997) showed that ethanol extract of A. crassna in 
average had low anti fungal activity (AFA), which is 15.2% (Figure 2 and 3).  However, 
successive fractionation of ethanol extract into n-hexane, ethyl acetate, and buthanol 
showed increasing of AFA against F. solani.  
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The residue fraction showed no anti fungal activities at all as the mycelia grew 
perfectly at media with residue fraction (Figures 2 and 3). The mycelia grew at residue 
fraction was at the same rate with that at the control media (Figure 4). Presumably, the 
residue might contain substances that in fact supported the life of the fungi; it might 
contain substances that are digestible and preferable by the fungi. Residue fraction 
in this study was assumed to contain the most-polar components of A. crassna wood 
extractives, that would be potential to be further dissolved in water. A study by Gite 
et al. (2010) indicated that water-soluble extract could contain sugar. However, the 
possible substance in residue fraction of this study should be further investigated. Kartal 
(2004) stated that residue fraction in his study could contain substances, such as vanillin 
and something else that are digestible and preferable by termite in the bioassay against 
termite. 

Duncan’s test showed that ethyl acetate-soluble fraction exhibited the highest AFA 
(Figures 2 and 3). Ethyl acetate as prepared at concentration 1% and 2% still showed 
low anti fungal activity (AFA 17.0% and 22.9%, respectively), further it afforded AFA at 
moderate category at 3% (27.0%), and strong category at 4% with AFA 52.5% (Figures 
3 and 4).

In vitro assay of ethanol-soluble extract and its corresponding fractions to F. 
solani showed that the most bioactive compound against F. solani was in ethyl acetate 
fraction (Figure 3). This fact leads to an assumption that the agar tree contains this 
active compound at high level will probably be more resistant to F.solani, which may 
suppress agarwood production. However, the situation might be different at field scale 
since there are many factors contribute to agarwood formation. Wood with higher 
extractives content is predicted to be more resistance against wood-decaying organism. 
However, the defense of the tree mostly depends on the type and concentration of 
bioactive compound within the extractives (Lestari and Pari, 1990).
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Figure 4.  Averages of AFA (%) at each concentration of ethyl acetate-soluble 

fraction. 
Note: The same letter at top of the bar indicated that the bars value were not significant 
different (Duncan Test, α 0.05) 

Many anti fungal and anti microbial compounds were produced from plant 

extractives. Mechanism of extractives in inhibiting fungal growth is assumed as 

the result of chemicals in interfering/stalling fungal enzyme activity to decompose 

carbohydrate into the simplest absorbable matter for fungi digestion and 

metabolism. Johansson et al. (1976) in Syafii et al. (1987) mentioned that lignan, 

a chemical in wood extractives has anti fungal activity by inhibiting fungal 

extracellular enzymes, such as cellulase, polygalacturonase, aryl-β-glucosidase, 

and laccase. Eusiderin is an example of lignan isolated from ulin (Eusideroxylon 

zwagery) wood (Syafii et al., 1987). Phenolic extractives of acacia induced 

resistance of the tree against heart wilt disease caused by fungi (Mihara et al., 

2005). Scopoletin, is anti fungal compound of Hevea brasiliensis, that inhibits the 

spreading of Microcyclus ulei infection to other wood tissue (Jayasuriya et al., 

2003). 

As for A.crassna case here, some bioactive compounds within ethyl acetate-

soluble fraction should affect F. solani fungi by inhibiting their mycelial growth. 

However, the concentration of the substance (fraction) should be high enough to 

inflict the inhibitory effect against F. solani growth, since it exhibited low level of 

-

10 

20 

30 

40 

50 

60 

70 

0% 1% 2% 3% 4% 5%

A
FA

 va
lu

e (
%

)

Concentration of ethyl acetate fractions

a 

b

b 
b

c 
c 

Figure 4. Averages of AFA (%) at each concentration of ethyl acetate-soluble fraction.  
The same letter at top of the bar indicated that the bars value were not significant 
different (Duncan Test, α 0.05)

Many anti fungal and anti microbial compounds were produced from plant 
extractives. Mechanism of extractives in inhibiting fungal growth is assumed as the result 
of chemicals in interfering/stalling fungal enzyme activity to decompose carbohydrate 
into the simplest absorbable matter for fungi digestion and metabolism (Syafii et al. 
1987; Jayasuriya et al., 2003; Mihara et al., 2005). As for A.crassna case here, some 
bioactive compounds within ethyl acetate-soluble fraction should affect F. solani fungi 
by inhibiting their mycelial growth. However, the concentration of the substance 
(fraction) should be high enough to inflict the inhibitory effect against F. solani growth, 
since it exhibited low level of AFA at 3% of concentration but high AFA at 4% and 
so (Tables 1 and Figure 2). We suggest that A. crassna with high concentration of this 
ethyl acetate soluble fraction would be more resistant to agarwood forming by using 
F.solani. Supposedly, phenolics compounds and total flavanoids concentration level was 
higher in ethyl acetate fraction than in other fractions. Some studies mentioned that 
phenolics and flavanoids have antibacterial activity (Anushia et al., 2009) and could 
inhibit germination of fungi (Phongpaichit et al., 2004).
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Figure 5. Mycelial growth of F. solani on agar plate with ethanol-soluble extract and its 
corresponding fraction

Agarwood producing trees will react to fungal infection in order to defend 
themselves and alleviate its condition. The resistance of the tree will settle on the winner; 
it would be the host or it would be the pathogen. In agarwood case, the pathogen is 
expected to win, so its formation could take place. Chemical compounds of the tree 
are those among defense systems against pathogen. The components in agarwood itself 
are already identified as sesquiterpenoid, a phytoalexin type in many plants defense 
compounds. How big the tree chemicals affect F. solani is considered to be related to 
the tree resistance against this fungus.

IV. CONCLUSIONS

Aquilaria crassna had low extractive content that is 2.0 % (w/w). Ethanol-soluble 
extract of A. crassna wood exhibit low class of antifungal activity against F. solani in vitro.
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Further fractionation of A. crasna ethanol-soluble extract revealed increasing 
antifungal activity.  Ethyl acetate-soluble fraction showed the highest antifungal activity 
at 4% concentration that is categorized as strong class with AFA at 52.5%.  

It is important to examine further the most active single compound in ethyl acetate-
soluble fraction of A. crassna wood, thus the agarwood with highest concentration of 
this compound could be excluded in artificial agarwood production.
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