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Abstract. Haneda NF, Supriatna AH, Shabrina H, Istikorini Y, Siregar UJ, Wahyudi I. 2021. Chemical characteristics of Falcataria 

moluccana wood infested by Boktor stem borer (Xystrocera festiva). Biodiversitas 22: 4203-4208. Boktor (Xystrocera festiva Thoms.) is 

the most destructive and detrimental pest in Falcata plantations in Indonesia. It attacks the inner bark of sapwood when the tree reaches 

3-years-old. This study aimed to analyze the chemical characteristics of Falcata woods, which were infested with Boktor in trees aged 3 

and 4 years, compared to the healthy tree at 2 years old. The primary chemical components and type of extractive compounds were 

analyzed using standard procedures. The results showed a decrease in hemicellulose and an increase in lignin content of infected wood. 

This condition occurs because Boktor larvae prefer hemicellulose rather than lignin, which is related to the presence of enzymes in the 

digestive system of the larvae. The decreasing extractive contents as trees grow and undergo age-related shifting metabolism can be 

alleged as the start of Boktor infestation in 3-years-old trees. Boktor infestation also altering the wood chemical components by 

degrading the lignin that produced 4-vinyl-syringol. The isoeugenol compound is thought to prevent Boktor infestation in the early 

period of tree growth. 
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INTRODUCTION 

The Boktor stem-borer (Xystrocera festiva Thoms.) is 

the most detrimental pest in Falcata (Falcataria 

moluccana) plantations in Indonesia. This pest destroys the 

inner bark and sapwood and usually starts the attack when 

the tree has reached three years old. In Java Island, this pest 

is also known as Boktor, Uter-Uter, Wowolan, Serendang 

beetle or Engkes-Engkes. This pest could cause the death 

of trees, broken stems and reduces the productivity and 

quality of the wood produced. The financial losses 

resulting from this pest infestation ranged from 3.8% per ha 

in 4-years-old Falcata stands to 10.6% per ha in 8 years 

stands (Husaeni 2010). 

The infestation begins with the laying of about 400 eggs 

in groups (Duladi 2012) under the bark through the 

wounded or damaged part of the stem, young larvae 

instantly damage the interior of the bark and outside of the 

sapwood once the eggs hatch (Haneda et al. 2020) and 

visible when the tree reaches three years of age. The larvae 

feed on the inner bark, cambium, and sapwood. The 

feeding direction of the larvae starts from the top towards 

the bottom of the stem (Darwiati and Anggraeni 2018). The 

further down the stem, the more extensive the damage 

because the more significant the larvae size would become.  

Although the wood xylem has been produced before the 

tree reaches 1-year-old, it is still a question as to why the 

infestation only start at a 3-years-old tree, even though the 

anatomical structures of Falcata wood at the age of 1 to 6 

years does not differ at all, dominated by juvenile wood 

(Rahayu et al. 2013). 

With the except for genetic characterization of highly 

infested and healthy Falcata trees (Siregar et al. 2019) and 

the presence of Boktor digestive enzymes inhibitors 

(Siregar et al. 2020), information about internal host factors 

that influencing Boktor infestation is still limited. 

Therefore, this research aimed to analyze the characteristics 

of chemical components on Falcata woods aged 2, 3, and 4 

years to determine which chemical components contribute 

to Boktor infestation. 

MATERIALS AND METHODS 

Sample preparation 

The trees from a permanent plot in RPH Pandantoyo, 

BKPH Pare, KPH Kediri, Perhutani Unit II, East Java 

Province were used in this study. Wood samples were 

taken from the trees at three ages, namely 2-, 3- and 4-

years-old. The 2-years-old tree was healthy, non-infested 

(free-wound), while the 3- and 4-years-old ones were the 

most severely damaged by Boktor larvae. After cutting the 

trees, the wood part containing the wound (from 3- and 4-

years-old trees) and unwounded wood (from 2-years-old 

trees) were separated and then macerated into wood 

powder 40-60 mesh. Thus, the number of samples used for 

chemical components measurement from each tree was 

three. The size was conducted in Duplo.  
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Holocellulose content measurement 

A sodium chlorite procedure followed the 

Holocellulose analysis following the Chinese national 

standard GBT2677.10-1995. Two grams of wood powder 

(40-60 mesh) were placed in an Erlenmeyer flask and then 

filled with 100 ml Aquades, 1 g sodium chloride, and 1 ml 

acetic acid glacial. The samples were then heated using a 

water bath at 80°C for 1 hour with the water bath water 

surface consistently higher than the sample surface. We 

added 1 g sodium chlorite and 0.2 ml acetic acid every 15 

minutes. The samples were then filtered using a glass filter 

and washed with hot water. Next, a 25 ml 10% acetic acid 

was added to the sample briefly before samples were rinsed 

again in hot water until acid-free. Samples were then 

heated in the oven at 105 ± 3°C until constant weight, then 

cooled down and weighed. Holocellulose content was 

calculated using the following formula: 

 

α-cellulose and hemicellulose contents measurement 

α-cellulose were determined following the Technical 

Association of Pulp and Paper Industry (TAPPI T-203). A 

1.5 g Holocellulose sample was put into a 200 ml flask and 

then filled with 75 ml 17.5% NaOH and incubated at room 

temperature for 30 minutes. 100 ml of Aquades, then added 

and left at room temperature for the next 30 minutes. The 

solution was then filtered using a filter plate and rinsed 

with water and 10% acetic acid 3 times. The filtered 

materials were washed until acid-free. The samples were 

heated in the oven at 105 ± 3°C until constant weight. The 

α-cellulose content was calculated using the following 

formula: 

 

Hemicellulose content was determined as the difference 

between Holocellulose and α-cellulose content. 

Extractive content measurement and its compound 

analysis 

The solubility of wood in ethanol-benzene (1:2, v/v), 

cold and hot water as well as in 1% NaOH was measured 

following The Technical Association of Pulp and Paper 

Industry (TAPPI T-207 and TAPPI T-212) and American 

Society for Testing and Material (ASTM D 1107-96), 

respectively. To identify their compounds, the infested and 

non-infested wood powders were analyzed with Gas 

Chromatography-Mass Spectrometry (GCMS) using Agilent 

6890 as the medium and HP 5975 mass selective detector.  

Data analysis 

The data was then analyzed descriptively, presented in 

graphs and tables. Finally, a comparison of what was found 

in the infested and non-infested wood was made to know 

the difference between those two samples and relate the 

differences with the Boktor pest preference to the part and 

age of the Falcata tree infestation. 

RESULTS AND DISCUSSION 

Results 

The insects need cellulose, starch, hemicellulose, and 

protein to live. Therefore, the chemical components of 

woods were analyzed to gain insight into the effect of wood 

components on the insect. The average value of the primary 

chemical component of Falcata wood in each age is 

presented in Table 1. It can be seen that hemicellulose 

content tends to decrease with the increasing age of the 

tree, while α-cellulose and lignin contents tend to increase. 

Compared to Haneda et al. (2020), the average value of 

the α-cellulose content from this study was lower, while 

Holocellulose and hemicellulose contents were almost 

similar. According to them, α-cellulose content for 

hardwood species was 40-45%, while hemicellulose and 

lignin were 15-35% and 17-25%, respectively.  

In general, the chemical components of wood consist of 

primary and secondary components. The primary 

component, namely Holocellulose, consists of cellulose and 

hemicellulose as well as lignin. The secondary component 

consists of extractives and other inorganic materials. Figure 

1 shows the overall chemical components of 2-, 3- and 4-

year-old Falcata wood, while Figure 2 shows their 

differences between the lower and upper parts of the stem. 

It can be seen that Holocellulose tends to decrease with the 

increasing age of the tree, while the lignin tends to 

increase. The extractives show different tendencies and 

fluctuations. They decrease from 2- to 3-year-old but then 

increase from 3 to 4-year-old (Figure 1).  

Figure 2 shows significant effects of sample location on 

chemical components, except for Holocellulose at a 3-year-

old and 4-year-old tree and lignin content at a 3-year-old 

tree. In the cases of lignin content of 2-year-old and extractive 

content of 3-year-old, our findings are not in agreement 

because they tended to decrease from the bottom towards 

the top. According to Cabalová et al. (2021), the extractive 

content of both wood and bark increases vertically from the 

base toward to top part of the tree. On the other hand, 

Roitto et al. (2016) found that the extractive content in 

birch stem wood rises from the bottom toward the top. 

These discrepancies are probably due to random samplings. 

The solubility of wood in ethanol-benzene (1:2, v/v), 

cold and hot water, as well as in 1% NaOH are presented in 

Figure 3. It can be seen that extractive content varies and 

depends on tree age and the solvent. For example, 

Lipophilic extracts (terpenoids and aliphatics) are more 

soluble in less polar solvents, whereas hydrophilic extracts 

(phenolics) are more soluble in more polar solvents (Routa 

et al. 2017). Extractives are non-structural chemicals with a 

low molecular mass that are found in wood. Resins, 

terpenes, alkaloids, lipid, gums, waxes, proteins, phenolics, 

pectins, and essential oils are among them (Nascimento et 

al. 2013). The majority of the extractives are secondary 

metabolites, which are substances that have a purpose other 

than growth and cell development in a tree, such as 

protecting the tree from infections or other biotic attacks 

(Metsämuuronen and Sirén 2019). 



HANEDA – Chemical characteristics of Falcataria moluccana wood infested 

 

4205 

Table 1. The primary chemical components on 2-, 3- and 4-year-

old Falcata wood 

 

Age 

(year) 

Chemical component (%) 

Holocellulose 
α-

cellulose 
Hemicellulose Lignin 

2 67.92 30.92 37.00 24.52 

3 66.57 31.77 34.80 26.57 

4 66.11 33.57 32.54 26.82 

 

 

 

 

Table 2. Chemical compounds found in the extractives of Falcata wood 

 

Age  

(year) 

Chemical compounds existed in the extractives 

1 2 3 4 5 6 7 

2 √ √ √ √ √ - - 

3 - - √ √ √ √ - 

4 √ - √ √ √ - √ 

Note: 1: phenol-2-methoxy-4-(1-propenyl)-; 2: 4,11-dioxa-3,5-

dimethyltetracycloundecane; 3: phenol-2,6-dimethoxy-4-(2-propeny 

l)-; 4: 4-((1E)-3-hydroxy-1-propenyl)-2-methoxyphenol; 5: syringyl 

acetone; 6: 4-vinyl-syringol; dan 7: 1,4-dihydrophenanthrene 

 

 

 
 
Figure 1. Chemical component differences in 2-, 3- and 4-year-

old Falcata wood 

 

To determine the extractive compounds of Falcata, 

pyrolysis analysis was carried out using a GC-MS. The 

chromatograms show that there are different peaks in each 

age (Figure 4). For example, there are five peaks in 2- and 

4-year-old wood, while there are only four peaks, while in 

3-year-old wood, only four peaks. Furthermore, the peak is 

correlated to the chemical compounds of the extractive 

(Table 2). 

 
 

Figure 2. Chemical component differences between the upper and 

lower part of Falcata stem 

 

 

 

 
 

Figure 3. Extractive content of Falcata wood in various solvents 
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Figure 4. GC-MS chromatograms of Falcata wood from 2 (A), 3 (B), and 4-years-old (C) trees 

 

 

 

The checkpoints in the table indicate peaks present in 

the chromatograms of the samples. In those 

chromatograms, two peaks showed as dominant 

compounds, with 15.18 and 17.9 of retention time. These 

two compounds were phenol-2,6-dimethoxy-4-(2-propenyl) 

and 4-((1E)-3-hydroxy-1-propenyl)-2-methoxyphenol both 

of these compounds classified into phenolic compounds. 

 

Discussion 

According to Haneda et al. (2020), Boktor larvae eat 

carbohydrates generated from hemicellulose, cellulose, and 

starch. In Table 1, we can see a decrease in hemicellulose 

content in the infested wood (3- and 4-years-old trees) 

compared to that in non-infested wood (2-years-old tree) 

inversely proportional to the high lignin contents. These 

confirm that Boktor larvae prefer hemicellulose to lignin or 

cellulose because it has trypsin and α-amylase that can 

degrade protein and hemicellulose (Siregar et al. 2020). 

Hemicellulose is a general term for a group of 

polysaccharides that are different from cellulose because 

this fraction is amorphous and easily soluble or hydrolyzed 

in alkaline or acidic solutions (Santiago et al. 2013). 

Meanwhile, lignin is a polyphenol that has a three-

dimensional structure and many branches. In addition, 

lignin has a complex molecular structure with a high 

molecular weight making it more difficult for insects to 

digest because insects lack ligninases (Douglas 2013).  

According to Donaldson et al. (2006); Morais and 

Pereira (2012); Miranda et al. (2017), the food for Boktor 

larvae mostly comes from the sapwood because the cells 

that make up the sapwood are still alive and contain a lot of 

water, so it is easier to digest, while their lignin and 

extractive contents are less. Therefore, these extractive 

compounds impact insect colonization in tree trunks 

(Mounguengui et al. 2016). 

A 

B 

C 
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Boktor started infesting Falcata stands at the age of 3 

years. This phenomenon was reinforced and well 

confirmed by a decrease in the extractive content of 

infected wood (3 years) compared to 2 years of age (Figure 

1 and 3). In all treatments, the extractive content in 3-year-

old timber decreased, except for the treatment using 

ethanol-benzene. From these results, it can be assumed that 

the decrease in extractive content causes Boktor infestation, 

or in other words, it is easier for Boktor to attack the 3-

years-old stands.  

Plants have developed a variety of methods to 

accommodate changes in their changing growth 

circumstances, allowing them to function more freely under 

the influence of external conditions without damaging their 

cellular and developmental, physiological processes 

through the production of a diverse range of secondary 

metabolites (Yang et al. 2018; Arnold et al. 2019). The 

species, genotype, physiology, developmental stage, and 

environmental variables influence the kind and quantities 

of secondary metabolites generated by a plant throughout 

growth. This finding implies that many plant taxonomic 

groupings use physiological adaptation responses to cope 

with stress and defensive stimuli (Isah 2019). A study by 

Bielecka and Matkowski (2019) using Agastache rugosa 

found that the polyphenols content produced vary over 

time. This condition also occurs in trees that grow naturally 

in boreal forests, of which their secondary metabolic 

composition changed over time (Wam et al. 2017). 

Result of GC-MS pyrolysis analysis shows that there 

are 7 main compounds that make up Falcata wood 

extractive substances, i.e. phenol-2-methoxy-4-(1-

propenyl); 4,11-dioxa-3,5-dimethyltetracycloundecane; 

phenol-2,6-dimethoxy-4- (2-propenyl); 4-((1E)-3-hydroxy-

1-propenyl)-2-methoxyphenol; syringyl acetone; 4-vinyl-

syringol and 1,4-dihydrophenanthrene (Table 2). The 

compound number 7 is phenanthrene phytoalexin, number 

2 is undecane, while numbers 1, 3, 4, 5, and 6 can be 

classified into phenolic compounds. Phenolic compounds 

are found in all plant parts, i.e., flowers, fruits, seeds, 

leaves, roots, bark, and lignified parts (Szwajkowska-

Michałek et al. 2020). They could be an essential element 

of the plant defense mechanism against pests and disease 

(Pagare et al. 2015; Kovalikova et al. 2019). Syringyl 

acetone, one of the phenolic derivates compounds, was 

found and isolated in syringaresinol. Syringaresinol is a 

lignan precursor that plays an essential role in plant defense 

against diseases. It has also been proposed that lignans 

might function as insect antifeedants by affecting the insect 

endocrine system (Paniagua et al. 2017). Undecane belongs 

to the class of organic compounds known as alkanes. This 

compound in bananas dominated the development of 

female flowers (Masriany et al. 2017). Phenanthrene can be 

used for pesticides manufacturing (Abdel-Shafy and 

Mansour 2016). Phytoalexins are, in general, insect-

induced defense compounds and act in preventing insect-

eating (Yactayo-Chang et al. 2020). 

Phenol-2-methoxy-4-(1-propenyl) or isoeugenol 

(synonym) was not found in the 3-years-old or infested 

wood only (Table 2). The undetectable isoeugenol in 3-

years-old wood indicated a decrease in the metabolism of 

this compound at that age. Isoeugenol is a phenylpropene 

that is one of the most significant components of natural 

flavors and is known to have antioxidant and antibacterial 

properties (Yang et al. 2021). However, as an insecticide, it 

also has moderate toxicity to red palm weevil 

(Rhynchophorus ferrugineus) (AlJabr et al. 2017).  

On the contrary, 4-vinyl-syringol is a compound that is 

only found in 3-years-old or infested wood. Its function in 

the plant itself is still rarely known. 4-vinylsyringol is one 

of the compounds found in artificial feed using Birch 

(Betula sp.) wood which termites can digest. The 

compound is also found in the digestive system of termites 

(Miambi et al. 2020). Vinylsyringol itself resulted from 

lignin degradation by fungi from Trichoderma genera 

(Bohacz and Kornillowicz-Kowalska 2020). As a result, 

the Boktor infestation probably triggered the production of 

4-vinylsyringol. The changing metabolism after pest 

infestation was also observed in Kovalikova et al. (2019) 

study in white cabbage. 

In conclusion, the studies show that the Boktor pest, 

especially the larvae, preferred hemicellulose to other 

chemical components. As trees get older, the hemicellulose 

content was found to decrease, while the lignin content 

increased.  The decrement in extractive contents of Falcata 

wood was suspected of triggering Boktor infestation on 3-

years-old Falcata stands. According to the results of the 

pyrolysis test, the absence of isoeugenol was suspected as a 

marker of Boktor infestation during the early growth stage. 
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