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Abstract 
Agarwood is described as fragrance, smelling wood that is usually derived from the trunk of genus Aquilaria The 

objective of this study was to develop and evaluate four chemical-based inoculants to induce karas tree to form 

agarwood resin. Four chemical inoculants were applied into 6 years old karas tree (Aquilaria malaccensis) 

plantations in Slim River, Perak, Malaysia using dripping techniques. The inoculant used were labelled as A, B, C 

and D. Commercial inoculant was also used for comparison purposes and labelled as K while a healthy tree, act as 

control was labelled as N. After four months of inoculation, these samples were cut down and discoloured tissue 

samples were collected. Solvent extraction method using dichloromethane (DCM) was carried out to obtain the resin 

crude extract from plant tissues of the samples. All chemical formulation used were succesfully stimulated sample 

trees to produce resin. Inoculant B produced the highest crude extract recovery (5.49%) compared to inoculant C 

(4.78%) followed by A (4.32%), D (2.98%), K (1.07%) and N (0.13%). From this study, inoculant B showed the 

highest yield of resin. Hence, result from current study has the potential to contribute in enhancing new types of 

inoculant production for the agarwood industries in Malaysia. 
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INTRODUCTION 

  
Agarwood is very popular substances around the world as it can be used with a variety of specific 

purposes, mainly for luxury fragrance, medicine, and beverages. It has been used to relieve kidney 

problems, abdominal pain, diarrhoea and lung diseases by the Chinese community from the past [1, 2]. 

Malaysian rainforests are said to be the oldest in the world, hosting a complex ecosystem with more than 

50000 species of plants that survive in a diversity of habitats, including the Aquilaria species [3]. 

 

 Aquilaria malaccensis belongs in Thymelaecea family that generates a secondary metabolic 

compound that has a fragrance smell [4]. It contains various genus which includes Aquilaria, Gyrinops 

and Wikstroemia that have long been known for its valuable resin. A. malaccensis is a species that had 

been commercially planted, but another species from the genus A. microcarpa, A. hirta, A. beccariana and 

A. rostrata can be found throughout Malaysian forests [4]. 

  

 Nineteen indigenous species in Malaysia are capable of producing Agarwood. Thirteen species 

are in Peninsular Malaysia, eleven species in Sabah and another thirteen species in Sarawak [5]. These 

recorded species come from five genera that consist of seven Aquilaria species, six Gonystylus species, 
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four Wikstroema species, one Aetoxylon and Enkleia species respectively. Nevertheless, A. malaccensis 

remains the most popular source of Agarwood among the other trees [5]. 

 

 Agarwood is in high demand every year globally due to its various uses including for treating 

cancer and tumours which had caused the agarwood to increase in prices, depending on the quality grade 

[6]. In 2009, CITES had reported that Malaysia export permit of agarwood worth USD 14.85 million [7]. 

Whereas nowadays the highest quality grade of agarwood has reached up to USD 7894 per kg, depending 

on the demand and the relevant consumer country [8]. Recently, the price had increased dramatically and 

it reaches up to USD 34210 per kg compared to the previous price of USD 5263 to USD 7894 per kg [9]. 

  

     In a natural environment, healthy wood of karas tree appears as a white, soft and without 

scented resins. Usually, it has a softer wood core and light in colour. Agarwood is produced when the tree 

is injured (physically, biologically or chemically), and the injuries occurred had allowed the oxygen to 

enter the plant tissues and damaging the living cells [8]. As a result, trees will react to the process by 

producing resin extract in which the wood turned darker or dark red [14, 15] and contained aromatic 

compound such as agarwood [10]. The activation of the karas trees defence mechanism generally due to 

physical, biological and chemical injuries will result in the resin composting process [7]. The oleoresin 

that forms also is the result of the karas trees when they respond to another stimulation such as fungus 

infection, lightning strikes, fire and insect attacks. 

 

 It takes several year or decades for karas tree which still alive after wounding to form 

agarwood. There is no agarwood will be obtained from a healthy tree [16].  Scientists estimate that only 

10% of the Aquilaria trees in the forest may contain agarwood. Under a natural condition, the resin is 

more commonly found in the tree of 20 years or older, with tree more than 50 years old reportedly having 

the highest concentration [2]. 

 

 Various studies had been conducted by scientists and stakeholders in the agarwood industry to 

find inoculants that can cause the karas trees to produce a high-quality Agarwood resin in a short amount 

of time, in which the resulting resin quality will be equal or superior to the one that occurred naturally. 

High-grade agarwood usually contains aromatic compounds and terpene groups such as α-guanine, β-

selinene, aromadendrene, α-bulnesene and agarospirol [8]. Thus far the best inoculants formulation of 

agarwood in karas tree remains unknown [11–13].  

 

 

MATERIALS AND METHODS  

 
Study Site 

 

The study was conducted at Al Hilmi Agrofarm Plantation, Slim River, Malaysia. The karas trees were 

approximately 6 years old and the species were identified to be A. malaccensis. The voucher specimens of 

the species and its replicate were deposited at the herbarium of Universiti Pendidikan Sultan Idris for 

reference purposes. The voucher numbers listed as MFE001, MFE002 and MFE003. 

Chemical Treatments 

Inoculation formulations were produced using several selected chemicals based on Van Thanh & Van Do, 

(2015) with several modifications. The formulations were prepared based on weight calculations per 

volume. A total of four different formulations were produced which were labelled as A, B, C and D. In 

comparison, one commercial inoculant that was bought from a private company (Gaharu Embun Sdn Bhd, 

Jerantut, Pahang, Malaysia) was used and labelled as K, and a healthy karas tree without any treatment 

was used for control (N). The control tree was not cut down but only the plant stem tissue was scrapped 

out for analysis.  80 ml of each inoculant were kept in the reagent bottle before taken to the study area.  
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Dripping technique was used during inoculation in the field. A hole with a diameter of 10mm was bored 

on the tree using a 12-volt electric drill brand Mustang, from China. Only one hole was bored on each tree 

with as much as 80ml of inoculants per hole. Each type of inoculant was injected into two karas tree for 

replication purpose that resulted in 10 karas trees were used in total. The trees were left for 4 months 

before it was cut down. 

 

Crude Extraction 

 
Stem samples obtained were cut into smaller size before drying it in an oven at 50°C for 3 days and 

weighed afterwards. Dried samples were crushed and blended using a dry mill. The extraction process 

was done using solvent extraction (cold extraction techniques). A total of 50g of stem samples were 

weighed for each inoculant. The stem samples of each inoculant were soaked in 500ml 95% 

dichloromethane (DCM) for nine days and replaced with a new solvent after three days. The solvent was 

filtrated and the filtration liquids were dried and made concentrated by using a rotary evaporator. The 

crude extract then weighed and stored in the freezer at -4°C until further use. 

 

Statistical Analyses 

 

Data were analyzed using Statistical Package for Social Science 20.0 software. The result was then further 

analyzed using descriptive statistical (min), post-hoc Tukey and one-way ANOVA. All analyzed results 

are expressed in mean ± SEM (standard error mean) with values considered significant when p values are 

less than 0.05 (p<0.05). 

 

 

RESULTS AND DISCUSSION  
 

Figure 1 shows the profile for Agarwood formation of karas tree after 4 months of inoculation. The 

observation showed that there are significant differences between each karas trees due to their response 

toward the chemical in which there were slightly different according to their colour and the thickness of 

the agarwood. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: The trunk cross-sections treated with 4 types of Agarwood inoculants A-D  

and a commercial inoculants K 
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The cross-section of the trees treated with inoculants is shown in Figure 1. The entire trees were cut down 

after 4 months and showed developed resinous and dark area. The A1 and A2 referred to the same 

inoculants but at two different trees. However, K1 and K2 did not show any significant change in the 

wood area. According to the company's description, it should normally be used up to 2 to 3 litres of liquid 

for a single hole. In our study, we only used as much as 80ml of liquid. It is likely indicated that inoculant 

K is less effective when it is used in small quantities. Based on the result, it can be concluded that all of 

the karas trees responded to the inoculants stimuli to start producing agarwood resin. The tree labelled 

with A2 showed the darkest colour, followed by B1, B2, A1, D1, C2, D2, K1 and K2 respectively. 

 

 Table 1 and Figure 2 showed the weight of DCM crude extract obtained. Based on the table, it 

was found that inoculant B produced most resin amount, followed by inoculants C, A, D and K. Post-hoc 

Tukey’s test indicated that inoculants A, B, C and D were significant (p<0.05) compared to other 

treatment. 

 

 Table 1. The 4-months crude extract using DCM 

 

Inoc 

 

Crude extract mean (g) 

(Mean± SEM)                 

Percentage (%)     

 

     A 2.161 ± 0.336*                                   4.32 

     B 2.734 ± 0.078*                  5.49 

     D 2.389 ± 0.150*                  4.78 

     C 1.492 ± 0.341*                  2.98 

     K (commercial) 0.536 ± 0.053                  1.07 

     N (control) 0.065 ± 0.034                  0.13 
     *The mean difference is significant at p<0.05 
 

 

 

 

  

 

 

 

 

 

 
Figure 2: The crude extract resin recovery after 4-months inoculation. Results as mean ± SEM (n=2) 

 

As shown in Table 1, the crude extract yield of agarwood obtained by inoculants A to N is ranging from 

0.13% to 4.32%. There is a significant difference in which the values were different from those of two 

control sample (N) which is 0.065 ± 0.034 g.  The result of the crude extract from the control trees showed 

that the healthy tree has a resin but in a very small amount. The higher weight oil recovery is inoculant B. 

The highest weigh of resin are one of the indicators of inoculation effectiveness. The other indicators are 

the colour tissue changes, weigh of the resin and the chemical compounds present in the resin. The 

duration of 4 months is taken into account as it is expected to be appropriate based on the previous studies 

[14, 17, 18]. It is stated that the karas trees can produce resin as early as in the callus stage [14, 17, 18]. It 

is also found that within 3 months, karas trees has been shown to start producing resin if trees are treated 

with specific inoculants. From this result, A. malaccensis is probably more sensitive in inoculants B 
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compared to the others. The difference between crude extract weight from different inoculants might be 

due to the different responses of the plant reacting to the chemical inducement ingredient and formulation. 

The plant defence system again pathogen attack or environmental stress will trigger the accumulation of 

resin [19].  

  

 The cold extraction executed using an organic solvent in determining total oil was found to be the 

best extraction method for some plant material that cannot tolerate the heated forms of extraction such as 

steam distillation. However, the problem with using solvents to get the crude extract is that in most of the 

time, residual solvents or impurities remains in the product [12]. The extraction yield is strongly 

dependent on solvent, thus the selection of extraction solvent is critical for the complex plant sample [20]. 

The extraction solvent system is generally selected based on the purpose of extraction, the polarity of 

interested compounds, the polarity of undesirable components, overall cost, safety and environmental 

concern [21, 22]. The selection of DCM is suitable due to its bi-polarity properties and it suits for this 

experiment purposes. Most of the organic molecules are relatively non-polar and are usually soluble in an 

organic solvent but not in polar solvent like water [19]. Meanwhile, other researchers indicated chemical 

constituent and its contents in the same agarwood were different depending on the extraction method such 

as hydrodistillation, soaking using organic solvent, supercritical fluid carbon dioxide extraction and other 

relevant methods [22].  

 

 

CONCLUSION 
 

All formulations can stimulate the karas trees to produce resin. The karas trees react when the pain 

response was received by the tree tissue. This suggests that agarwood could be produced by artificially 

using chemical stimulation method. From the study, inoculants formulation A and B should be given 

further consideration as the formula produces more resin quantities compared to the other formulations. 

All the formulations have been reproduced to carry out a real-time study for a longer period for the 

determination of the effectiveness and chemical profile as well as determining the quality of the agarwood 

that was formed. 
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