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ABSTRACT 

Agarwood or gaharu is well known as the most valuable resinous heartwood that can reach 

up to US$100,000 per kilogram in market price due to its superior quality and high purity 

of materials. Agarwood has a high commercial value due to its fragrance properties and 

medicinal value. Agarwood commonly occur within the trees of Aquilaria species which 

belong to the family of Thymelaeaceae. The long period of agarwood formation in nature 

that takes many decades to develop had restrained the supply in the market which leads to 

overexploitation of gaharu in Aquilaria spp. in the forest. Thus, Aquilaria malaccensis has 

been listed in Appendix II of Convention on International Trade in Endangered Species of 

Wild Fauna and Flora (CITES). Fungi were used to induced agarwood in Aquilaria trees. 

Agarwood is formed due to interaction between fungi and plant defense mechanism. 

Depletion of wild resource from the jungle leads to the high price of agarwood. Hence, it is 

the main concern to be handled by the researchers to find alternative ways to induce gaharu 

formation to meet the global demand for agarwood trading. Therefore, agarwood needs to 

be artificially induced for a better amount of resin production. This research was conducted 

to formulate microbial consortia that made up of fungi as fungal inoculants for agarwood 

induction in Aquilaria spp.. The effectiveness of the formulated microbial consortia was 

observed based on the colour and mean length of infected zone formation after a three 

month and six month inoculation periods in each wet and dry seasons, respectively. 

Aquilaria spp. was inoculated with three types of formulated fungal inoculants which were 

Formulation 1 (F1) consisting combination of Trichoderma sp. and Aspergillus sp., 

Formulation 2 (F2) consisting combination of Fusarium sp. and Penicillium sp., whereas 

Formulation 3 (F3) consisting combination of Trichoderma sp., Lasiodiplodia sp. and 

Curvularia sp.. Negative control used in this study was sterile distilled water. In this study, 
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the fungal inoculants were inoculated into the Aquilaria trees by using the bottle drip 

method. Production of secondary metabolites of induced Aquilaria trees was analysed by 

using Gas Chromatography-Mass Spectrometry (GC-MS). A total of 115 chemical 

compounds were detected in all inoculated trees where inoculation during the dry season 

produced a relatively greater number of chemical compounds compared to the wet season. 

Major constituents of the gaharu such as sesquiterpenes, chromones, fatty acid methyl 

ester, and aromatic compounds were found in inoculated Aquilaria trees. New agarwood 

sesquiterpenes, cryptomeridiol (0.93%) has been detected in F3 inoculated Aquilaria tree 

after six months inoculation during the dry season. Besides, aromatic compound such as 

3’,5’ dimethoxyacetophenone (0.25%), guaia-1 (10), 11-diene (0.45%), octacosanol 

(0.57%) and heptadecanolide (0.24%) can only be detected in F3 inoculated Aquilaria 

trees. These chemical compounds were known as major constituents that contribute to 

aromatic properties in agarwood. The findings showed that F3 inoculant (a combination of 

Trichoderma sp., Lasiodiplodia sp., and Curvularia sp.) is the most potential fungal 

inoculant in inducing resin in Aquilaria tree due to its largest length of resinous zone and 

the presence of metabolic compound in inoculated Aquilaria trees after three and six 

months inoculations for both wet and dry seasons, respectively. From this study, it is 

recommended that the formulated microbial consortium can be used as potential agarwood 

fungal inoculant for future sustainable supply of agarwood. 

Keywords: Agarwood, bottle drip method, GC-MS, microbial consortium 
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Perumusan Konsortium Mikrob sebagai Inokulan untuk Induksi Gaharu 

ABSTRAK 

Gaharu terkenal sebagai kayu jantung resin yang paling berharga yang boleh mencapai 

sehingga AS$100,000 sekilogram dalam harga pasaran kerana kualiti unggul dan 

ketulinan tinggi bahan. Gaharu mempunyai nilai komersil yang tinggi kerana sifat 

haruman dan nilai perubatannya. Gaharu biasanya berlaku di dalam pokok spesies 

Aquilaria yang tergolong dalam keluarga Thymelaeaceae. Walaubagaimanapun, tempoh 

inokulasi gaharu adalah panjang secara semulajadi yang mengambil masa beberapa 

dekad untuk pembentukan gaharu, telah menghalang bekalan gaharu di pasaran yang 

membawa kepada lebihan eksploitasi gaharu di Aquilaria spp. Oleh itu, Aquilaria 

malaccensis telah disenaraikan dalam Lampiran II Konvensyen mengenai Perdagangan 

Antarabangsa Spesies Fauna dan Flora Liar (CITES) yang terancam. Kulat telah 

digunakan dalam induksi gaharu dalam pokok Aquilaria. Gaharu dibentuk disebabkan 

interaksi antara kulat dan mekanisma pertahanan tumbuhan. Penurunan sumber gaharu 

liar dari hutan menyebabkan harga gaharu menjadi tinggi. Oleh itu, ia menjadi 

kebimbangan utama para penyelidik dalam menangani permintaan dagangan gaharu 

secara global. Oleh itu, kayu gaharu perlu diinduksi untuk mempertingkatkan jumlah 

pengeluaran resin. Kajian ini dijalankan untuk merumuskan konsortia mikrobial yang 

mengandungi kulat sebagai inokulan untuk induksi gaharu dalam spesies Aquilaria. 

Keberkesanan konsortia mikrobial yang dirumus diperhatikan berdasarkan tempoh dan 

warna panjang pembentukan zon yang dijangkiti selepas tempoh inokulasi selama tiga dan 

enam bulan di setiap musim basah dan kering. Aquilaria sp. telah diinokulasi dengan tiga 

jenis formulasi kulat yang terdiri daripada Formulasi 1 (F1) mengandungi gabungan 

Trichoderma sp. dan Aspergillus sp., Formulasi 2 (F2) mengandungi gabungan Fusarium 
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sp. dan Penicillium sp., dan Formulasi 3 (F3) mengandungi gabungan Trichoderma sp., 

Lasiodiplodia sp. dan Curvularia sp.. Air suling steril digunakan sebagai kawalan negatif 

dalam kajian ini. Dalam kajian ini, kulat digunakan untuk menyuntik pokok Aquilaria 

dengan menggunakan kaedah titisan botol sebagai kaedah inokulasi tiruan. Pengeluaran 

metabolit sekunder oleh pokok Aquilaria ditentukan dengan menggunakan analisis 

Kromatografi Gas-Spektrometri Jisim (GC-MS). Sebanyak 115 sebatian kimia dikesan dari 

semua pokok yang diinokulasi di mana inokulasi pada musim kering mempunyai bilangan 

sebatian kimia yang lebih banyak berbanding dengan musim basah. Unsur-unsur utama 

seperti seskuiterpena, kromon, metil ester asid lemak, dan sebatian aromatik telah ditemui 

dalam pokok-pokok Aquilaria yang diinokulasi. Seskuiterpena gaharu baharu, 

kriptomeridiol (0.93%) telah dikesan dalam pokok Aquilaria F3 selepas 6 bulan inokulasi 

pada musim kering. Selain itu, sebatian aromatik seperti 3',5' dimetoksiasetofenon 

(0.25%), guaia-1 (10),11-diena (0.45%), oktakosanol (0.57%) dan heptadekanolide 

(0.24%) hanya dapat dikesan dalam pokok Aquilaria F3. Sebatian kimia ini dikenali 

sebagai unsur utama yang menyumbang kepada sifat aromatik gaharu. Hasil kajian 

menunjukkan bahawa F3 inokulan (gabungan Trichoderma sp., Lasiodiplodia sp., dan 

Curvularia sp.) adalah inokulan kulat yang paling berpotensi untuk membentuk resin di 

dalam pokok Aquilaria kerana zon resinnya yang terbesar dan kehadiran sebatian 

metabolit pokok-pokok Aquilaria yang diinokulasi selepas tiga dan enam bulan inokulasi 

masing-masing bagi musim basah dan kering. Dari kajian ini, adalah disarankan bahawa 

konsortium kulat yang dibangunkan berpotensi digunakan sebagai inokulan untuk 

pengeluaran bekalan gaharu yang berterusan. 

Kata kunci: Gaharu, kaedah titisan botol, GC-MS, konsortium mikrob 
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CHAPTER 1 

INTRODUCTION 

1.1 General Introduction 

Agarwood is known as dark resinous heartwood that occurs in trees of Aquilaria, 

Gonystulus, and Gyrinops spp. which belong to the Thymelaeaceae family. In Malaysia, 

agarwood is also known as gaharu. These fragrant resinous woods have high value 

component as it can be used in religious activities such as incense, alternative medicine, 

and perfume industries. Chen et al. (2011) state that agarwood essential oil has 

antimicrobial properties. 

The world most precious resinous aromatic wood which is known as agarwood can 

reach up to US$100,000 per kilogram in the market price for excellent quality (Naef, 

2011). Due to increased need of agarwood, Aquilaria malaccensis were listed as the most 

endangered species among all agarwood trees species as stated in Appendix II of the 

Convention on Internal Trade in Endangered Species of Wild Fauna and Flora (CITES). 

Uncontrol harvest of Aquilaria sp. in wild jungle lead to the almost extermination of 

Aquilaria sp. (CITES, 2015). 

Generally, agarwood form when the tree is injured either in the main branch or the 

tree stem (Mohamed et al., 2010). Only 7-10% of the wild agarwood trees in the natural 

jungle were made by fungi infection (Ng et al., 1997). Fungal endophyte is the common 

pathogen that infects the wounded tree. Fungal endophytes are microorganisms that 

commonly involves in producing a distinct group of secondary metabolites (Monggoot et 

al., 2017). Thus, fungal endophytes were relevant in this study as the infected tree will 
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produce a volatile organic compound in the response of fungi infection causing the 

suppression of the fungal growth (Ashwin, 2009). Furthermore, endophytic fungi can 

synthesize bioactive compounds that found to be useful in the discovery of novel drugs as 

a plant response against microbial attack (Guo et al., 2008; Yan et al., 2011). 

Agarwood needs to be induced artificially to maintain the diversity of Aquilaria sp. 

to increase resin production. To meet the worldwide needs of agarwood, sustainability 

production of agarwood needs to be increased with large scale plantation of A. malaccensis 

and efforts in the formulation of effective artificial inoculants for agarwood inducement. 

The cultivation of Aquilaria trees has been widely practiced in many countries to meet the 

need for agarwood. 

Based on the previous study, the formation of resinous agarwood inside the tree can 

takes years as it is exposed to natural or artificial injury, include cutting, pest or insect 

disturbance, microbial infection, fire and more (Chhipa & Kaushik, 2017). In this study, 

artificial inoculations were done in inducing agarwood for a short period. Artificial 

inoculation includes wounding, chemicals and microbes inducing agents have been used in 

inducing agarwood (Pojanagaroon & Kaewrak, 2005; Zhang et al., 2010). Media for fungi 

growth, type of fungal strain and injection methods are important factors in artificial 

induction of agarwood formation (Santoso et al., 1996). It has been widely reported that 

various fungi have been isolated from infected trees and scientists have research on the 

tree-fungi interaction related to agarwood formation. 

However, the production of agarwood in term of biological interaction between the 

fungi and the host tree is still poorly understood. The role of fungi in the artificial 

induction of agarwood is still an unexplored area (Chhipa & Kaushik, 2017). There is not 
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much good inoculum yet to be discovered for the inoculation of gaharu in term of colour 

and shorter period of agarwood production. Therefore, an examination of fungi infection 

on agarwood and analysis of their microbial activity is necessary. This can help researchers 

to develop effective microbial consortium as a fungal inoculant for artificial agarwood 

induction. 

Thus, this study was carried out to induce the formation of resin within shorter 

periods of time in term of months as natural agarwood requires a long period which can 

take up to a decade to produce its resinous compounds (Chen et al., 2017). A new effective 

microbial consortium needs to be formulated as agarwood inducer to accelerate the resin 

formation in planted agarwood in comparisons with wild agarwood in the species of A. 

malaccensis. The exploitation of wild agarwood in the natural forest can be overcome 

through these studies. 

The general objective of this research project was to formulate new microbial 

consortium by fungi isolated from A. malaccensis and to identify the potential fungal 

inoculant as agarwood inducer in A. malaccensis based on the presence of chemical 

constituents in inoculated Aquilaria tree. The hypothesis of this study is the formulated 

inoculant could induce higher resin formation in the gaharu tree within shorter period. 

1.2 Objectives 

The objectives in this study were: 

i. To develop new formulation of microbial consortium as agarwood inducer. 

ii. To determine effects of selected microbial consortium toward agarwood formation. 

iii. To determine the quality of resin formation between wet and dry seasons.  

iv. To identify the chemical constituents in the inoculated agarwood 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 General overview of agarwood 

Agarwood or also well-known as gaharu by locals in Malaysia, is an aromatic dark 

resinous heartwood present within Aquilaria trees belong to the plant family of 

Thymelaecaceae (Nor Azah et al., 2013). Oudh and eaglewood are also other common 

names for agarwood. Besides, the etymology of agarwood differs in different cultures. In 

Hindi, agarwood is well-known as agar by Sanskrit aguru (Bouverie, 1885). In Chinese, 

agarwood is known as chénxiang. In Japan, agarwood is known as jinko which means 

“sinking incense” where kyara is the highest grades of jinko (Kiyoko, 1992). 

Agarwood cannot form within a healthy normal wood tissue because agarwood only 

forms in infected or injured Aquilaria plants (Okudera & Ito, 2009). In a natural habitat, 

agarwood can take several years to form within a damaged Aquilaria plant (Gerard, 2007). 

Agarwood formed in Aquilaria trees often relates to fungal infection (Mohamed et al., 

2014). Ng et al. (1997) mentioned that fungi are the main responsible microbes that infect 

7-10% of Aquilaria trees in wild jungle. Besides, Ng et al. (1997) also state that factors 

involved in agarwood formation include genetic background, tree age, variation of 

seasonal and ecological. 

Agarwood can be obtained within the branches, stem and other parts of trees. 

Agarwood is collected in the form of wood before imported or exported in the form of 

powder, chips and lumps (Karlinasari et al., 2015). Agarwood is extremely valuable for its 

aromatic scent in soap production; agarwood oil and smoke are commonly used as an 
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incense in the Middle East (Chakrabarty et al., 1994). Agarwood oil is a high demand 

ingredient in the perfume industry due to its warm and distinct balsamic notes with 

sandalwood-ambergris tonalities (Zviely & Li, 2013). Agarwood can also be used for 

religious activities. For example, ‘minyak attar’ is a modified agarwood oil as a water-

based perfumes that traditionally used to tie at Muslims prayer clothes (Yaacob, 1999).  

In terms of soap manufacturers, agarwood essences are used as a scent in shampoos 

and detergents (Kadir et al., 1997, cited in Schippmann, 1999). Agarwood also has found 

applied in medication as it is often used as a pain reliever, arrest nausea by warming the 

abdominal, and asthma reliever in traditional East Asian medicine (Anonymous, 1995). 

Malaysians have discovered the use of coconut oil mixed with agarwood as an ointment, 

treating rheumatism and other body discomfort (Burkill, 1966). 

Therefore, products made of agarwood have high demand in the worldwide market. 

Thus, Yusoff et al. (2015) state that the global demand for agarwood products makes 

agarwood as one of the most valued products in the world. It can be shown in global 

market that agarwood can be estimated at US$6 billion to US$8 billion (Akter et al., 2013). 

Besides, agarwood oil prices can reach up at US$50,000 to US$80,000 per liter (Persoon, 

2007). 

2.1.1 Aquilaria malaccensis 

Aquilaria malaccensis has been well known as the major producer of agarwood in 

Malaysia (Mohamed et al., 2010). Borneo is a centre of Aquilaria sp. and A. malaccensis is 

a common species in Sarawak. A. malaccensis is one of 15 tree species in the genus 

Aquilaria (Mabberley, 1997). It also has been discovered that A. malaccensis commonly 

exists in Southeast Asia countries including Myanmar, Malaysia, Borneo Island, Vietnam 
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and more (Gibson, 1977; Hai et. al., 1999). Figure 2.1 shows a map distribution of gaharu 

tree species from a study done by Soeharto et al. (2016). 

 

 

Figure 2.1: Distribution of gaharu tree species throughout Asian countries (GoogleMap, 

2020) 

 

A. malaccensis is described as a large evergreen tree that grows until 15-30 m tall 

and 1.5- 2.5 m in diameter and has flower in white colour (Chakrabarty et al., 1994). 

Soeharto et al. (2016) concluded that a mature A. malaccensis can grow up to 40 m in 

height and its flowering and fruiting occurred during the dry season based on observation 

in Indonesia Bogor Botanical Garden. It can be observed that young bark has fine hairs 

with light brown in colour while older bark has smooth and whitish in colour. Furthermore, 
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without the presence of resin within A. malaccensis, the wood is described as light, white, 

and soft, compared to wood that contain resin were heavy, dark, and hard. 

Besides, A. malaccensis has an alternate, elliptic or lanceolate leaf in which the 

leaves wide are in 3-3.5 cm, having 12-16 pairs of veins with 6-8 cm long. The flower is 

described as fragrant, yellowish green or white and it is hermaphroditic with 5 mm long 

(Figure 2.2). At the age of five to six years of the tree, flowers and fruits were produced 

where the fruits are described to be green in colour, egg-shaped capsule and has fine hairs 

of leathery exocarp. The size of the fruit is around 4 cm long and 2.5 cm wide (Irnayuli et 

al., 2011). 

 

 

Figure 2.2: (a) Yellowish green flower and green colour fruits of Aquilaria malaccensis. 

(b) The egg-shaped capsule of Aquilaria fruits showing its seed and elliptic leave of A. 

malaccensis. (Irnayuli et al., 2011) 

 

2.1.2 Price and grading of agarwood 

Agarwood or gaharu has a high price value in global market trade due to its aromatic 

resin. Presence of ‘gubal’ (Figure 2.3) within agarwood have high prices in economic 

value. Gubal is the component located within the sapwood portion of host tree stands that 

forms after infection of agarwood (Persoon, 2007). 

a b 
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Figure 2.3: Dark and black resinous gaharu wood known as “gubal” (Gaharubogor, 2018) 

 

Grade of agarwood affects greatly on the price of agarwood in international trade. 

Hansen (2000) has stated that around $1.2 billion value of agarwood has been exported 

from Singapore alone each year. In Malaysia, agarwood is graded based on their unique 

scent, colour, density and gaharu formation (Nor Azah et al., 2013). However, some 

agarwood is graded based on individual perceptions or experiences which has classified 

their grade according to the origin or its unique name. Nor Azah et al. (2009) stated that 

the price of premium grade agarwood (grade A) can be priced from RM16,000 to 

RM20,000 per kg whereas the price of its essential oil may be ranged from RM400-

RM2000/tola (1 tola = 12 mL).  

Lim et al. (2011) has classified the grade of agarwood according to their physical 

appearance as shown in Table 2.1. The grade of agarwood is affected by agarwood 

physical appearance. Table 2.2 shows the market prices of agarwood in year of 2014 in 

Kelantan, Malaysia based on their grade. Agarwood market price in Kelantan, Malaysia 

can be used as an example of Malaysia agarwood market trade. 


