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A. Malaccensis is distributed and can be found throughout Peninsular Malaysia

except for the States of Kedah and Perlis (Radzi, Che, & Hamdan, 2015). Malaysia has 

a long history in the trade in gaharu wood, which has long been collected by the 

indigenous peoples of the interior of Peninsular Malaysia, Sabah and Sarawak to 

supplement their income. In Peninsular Malaysia, the gaharu products in domestic 

trade are woodchips and powder or sawdust. Some use has been recorded locally for 

medicinal purposes, but it appears that the majority of A. malaccensis harvested is 

exported (Barden et. al., n.d.). 
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Figure 1.2: Tree of Aquilaria growth (6 months) 
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Figure 1.3: Aquilaria farm at Jerantut, Pahang 

Gahani wood or Agarwood have been widely used in many purposes in many 

countries since a long time ago. It plays an essential role in traditional medicine, 

cultural and religious practices in Buddhist, Hindu, Muslim, Jewish and Christian. In 

Buddhist religious ritual, incense plays an important medium between human and God 

whereby it is burned to purify the space surrounding the Buddha statue. Agarwood 

incense also is applied in Islamic culture where it is used in mosques, shops and houses 

during ceremony or ritual. They have a wide use in medical treatment which is pain 

reducer, dental pain, and kidney and rheumatism medicine, as venom repellent, in 

perfume and as incense raw material. 

Gaharu contains more than 12 chemical components that can be extracted. In 

addition, agarwood also is used in medicine including as an adaptogen and anti-aging 

cure in Ayurveda medicine. Moreover, in the pharmaceutical industry, it is employed 

as an anticmetic, tranquilizer and digestive agent in oriental medical treatment. 

Nowadays, the range of agarwood products and their uses are apparently expanding. 

The essential oils and perfumes are very popular and high in demand especially in the 

Arab world. 
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1.3 Research Objectives 

The main objectives of this study are: 

"'8111UD&lllfflMII DAI Bm 
UIMRSRIM11lMAlAfllA 

a) To determine the yield of Agarwood oil extraction via ultrasonic pre-treatment

b) To determine the yield of Agarwood oil extraction via microwave pre-treatment.

1.4 Research Design and Design of Experiment 

In this research design, the objectives for this experiment is to determine the yield 

of Agarwood essential oil by using pre-treatment which is microwave and ultrasound. 

After the pre-treatment, the Agarwood undergo the hydrodistillation process to extract 

the essential oil. 

Grounding 

Pre-treatment: 

Micro,vavc 
and 

Ultrasound 

Hydrod istillation 

Figure 1.4: Research design of experiment 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Agarwood 

Agarwood has been recognized by the local Malaysian since a long time and 

its valuable oil has been collected and extracted traditionally as a 'backyard industry' 

by the local people. Nowadays, local people extracting the essential oil of agarwood 

by using distillation unit made from stainless steel as a container that contains ground­

up agarwood that will undergo a 96-hour distillation process to get its essence. 

Generally, process of extract oil is started from the inoculation of gaharu tree until 

extraction process and bottles it to be sell in the market. 

Gaharu wood may be classified into several grades in the market. The grade 

codes which is Super A, A, B, C, D, E was varies among the buyer. Super A grades 

was really expensive compared to other grades due to its darkest appearance and have 

strong odor when producing the perfumes. Grading of gaharu wood can be complicated 

process usually based on its physical properties, formation and unique scent. It also 

includes evaluating the size,color, odour, weight and flammability of the wood. 

In Malaysia, oil is mostly produced from grade C gaharu wood using 

Hydrodistillation method. Depending on the grade and quality, the price for a best 

quality of gaharu can reach up to RMI 0, 000 per kg depends on the grade of resinous 

wood. According to (Sulaiman et al., 2015) different qualities of gaharu oil are sold at 

RM50 to RM200 for every 12 g Oil extracted from gaharu wood obtained from 

different locations vary in quality (Nor Azah et al 2008). 
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2.2 Formation of Gaharu Resin 

Agarwood formed when the gaharu tree produce a resin as a mechanism of 

defense against fungi infection of injury causing soft and white wood to become hard 

and dark in color. This hard and dark wood also known as resin. The formation of resin 

or fragrant wood was naturally produces by randomly inject with some parasite, fungi 

or molds and the microbe starts to produce resin inside the tree due to immune system 

of tree response to the injections of parasites. 

Generally, resin or gaharu formation is caused by the response of tree towards 

mechanical or natural injury associated with the wood. Agarwood tree has two 

response mechanisms to injury. The first line of defense is for the phloem cells to 

produce callus growth over the injury. If the formation of callus prevented, the tree 

will produce resin as a chemical defense to the injury. The degree which resin produced 

in the phloem fibers will determines the value of resin in the market at Malaysia or 

globally. 

This biological process develops very slowly over several years and there has 

limitations where not all Aquilaria species trees produce resin (Zubair, 2008) only 

approximately 10 % of mature Aquilaria tree that age from 20 years onwards and with 

above 40 cm diameter can naturally produce resin. Therefore, it really take a long time 

for one tree to produce resin after the injections of parasite and fungi. 

Figure 2.2: Formation of Resin 
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Figure 2.3: Processing flow of extraction essential oil from Gaharu 
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Pre-

Table 2.2: Hydrodistillation on different pre-treatment of Agarwood 

Experimental Yield Reference 
treatment Parameter 
Soaking Hydrodistillation: Agarwood soaked in Lactic acid (Fazila & Halim, 

had more potential to enlarge the 2012) with 200 g of 

Lactic and agarwood, 1.5 L of pore size of wood compared to 

Sulphuric water, 12 h Sulphuric acid. More yield and 

acid Soaking: 0.1 M of chemical constituents obtained. 

Lactic & 

Sulphuric acid, 

168 h; 

Soaking Hydrodistillation: Oil yield is 0.20 % after soaking in (Y oswathana, 

in ethanol 200 g of ground 50% aqueous ethanol and 0.21 % Eshiaghi, & 

solvents agarwood, 1 L of after soaking in 80% aqueous Jaturapornpanich, 

water, 30 h ethanol. Increasing of ethanol 2012a) 

Soaking: 50% percent did not significantly 

ethanol (v/v), 80% affected to the higher oil yield 

ethanol (v/v), 5 after 50% ethanol. 

days 

Soaking Hydrodistillation: Total of constituents for sample (Atikah et al., 2015) 
with fungi 

300 g of agarwood soaked with water and without 

chips, 3 L of water, soaking is lower than sample 

9 h soaked with fungi at 72.58 % and 

Soaking: soaked 66.24 % respectively. Oils 

with three various extracted from sample mixed with 

fungi fungi P. crysosporium consists of 

number of hydrocarbon is 

80.13% compared to the 

T.reesei (72.13 %) and F. so/ani 

(76.38%). 
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Table 2.3: Method of microwave pre-treatment on essential oil yield 

Method Parameter Yield Reference 

Microwave Microwave power: 

assisted extraction 300, 600, 800 W 

(MAE) of orange 

dermis essential 

lubricant 

Microwave Microwave power: 

assisted 300, 400, 500, 600, 

hydrodistillation 700 W 

of extraction of Extraction time: 3 

essential oils of hours 

Ferulago angulata 

15 

The extraction (Selvia, Bud� & 

using MAE AT 800 Hisyam, 2019) 

W stopped after 20 

min and produced 

8.63% yield, while 

the one using HD 

stopped after 73 

min and produced 

7 .03% yield. 

The results stated (Mollaei, Sedighi, 

that MAHD of Habibi, Hazrati, & 

sample produce the Asgharian, 2019) 

highest essential oil 

yield which is 6.50 

% as compared to 

the essential oil 

prepared with 

hydro distillation 

which is 2.65 %. 
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2.6 Ultrasound 

Ultrasound is an alternative method to prevent the utilization of solvents during 

the extraction of essential oil and decrease the time required for the extraction process. 

Ultrasound where it used an acoustic energy to produce a mechanical wave with a 

frequency rate over than 16 kHz. The ultrasound waves generated from transducer 

magneto strictive which are send to an electric field resulting in a conversion from 

electric to mechanical energy. The use of ultrasound in low frequency to extract 

compounds mainly through molecular agitation, heating, micro-jets formation and 

cavitation phenomenon (Michelon, Nora, & Borges, 2017). 

Table 2.4: Method of ultrasound pre-treatment on essential oil yield 

Method 

Ultrasonic bath 

assisted 

Parameter Yield 

Extraction time: 1 Highest 

hour, 3 hour, 6 hour, percentage 

Reference 

oil (Zubair, 2008) 

for 

hydrodistillation 9 hour extraction time 

Ultrasonic 

cleaning bath 

assisted 

hydrodistillation 

Solid to solvent 

(water) ratio: 1 :8, 

1: 12, I: 16, I :20 

Frequency: 44-48 
KHz 

Operation 

30 hours 

time: 

Solid to solvent ratio: 

I :9 

which is 9 hour is 

0.169% while for 

solid to solvent ratio 

which 1s 1 :20 1s 

0.139%. 

Essential oil yield (Yoswathana et al., 
. 2012a) 
increased up to 

0.20% and distinct 

higher than the oil 

yield without 

ultrasound 

pre- treatment. 
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4.2 Pre-treatment Time of Ultrasound 

The effects of pre-treatment techniques was crucial to obtain the efficient 

method in order to get the more production of oil yield and good quality of essential 

oil of Agarwood. The essential oils extracted by using Hydrodistillation process and 

undergo Ultrasound pre-treatment were compared between three types of Agarwood 

size which is 1cm, 0.2cm and powder size. Three different time of sonicate which is 

I 0, 20 and 30 minute has been used to determine the effects of sonication towards the 

breakage of lignocellulose plant wall of Agarwood. The amplitude of ultrasound used 

is constant parameter which is 50 %. According (So lank� Desai, & Parikh, 2018), yield 

of oil was found to increase up to 50 % amplitude. 

Table 4.1: Data obtained for ultrasound pre-treatments 

Size of Time of Mass of Percentage of Oil 
Agarwood ( cm) Sonicate (min) Agarwood Oil (g) Yield(%) 

I 10 0.0664 0.1328 

20 0.0733 0.1466 

30 0.1003 0.2006 

0.2 10 0.0843 0.1686 

20 0.1108 0.2216 

30 0.1166 0.2332 

Powder 10 0.0903 0.1806 

20 0.1116 0.2232 

30 0.1171 0.2342 

Table 4.1 showed the mass of agarwood oil obtained and the percentage of oil 

yield was calculated from the pre-treatment of ultrasound for three different size of 

Agarwood which is 1cm, 0.2cm and powder. For Agarwood size of 1cm, the highest 

mass of agarwood oil obtained is 0.1003 gram and the percentage of oil yield 

calculated is 0.2006 % for sonication time is 30 min while the lowest mass of 

Agarwood oil obtained is 0.0664 gram and the percentage of oil yield calculated is 

0.1328 % for sonication time is 10 min. 
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The result obtained showed that the longest time of sonication causing more 

essential oils being extracted from the AgaIWood in Hydrodistillation process. 

According to cavitation's phenomena, the collapse of bubbles produced by tip of 

sonicator on the cell wall was expected to induce cell disruption together with a good 

penetration of the solvent into the cells (Yoswathana et al., 2012a). Thus, mass transfer 

of essential oil from the cell wall of Agarwood was increased and the yield of essential 

oil was improved. 

Based on the Table 4.1, the highest mass of agarwood oil for Agarwood size 

of 0.2 cm obtained is 0.1166 gram and the percentage of oil yield calculated is 0.2332 

% for sonication time is 30 min while the lowest mass of Agarwood oil obtained is 

0.0843 gram and the percentage of oil yield calculated is 0.1686 % for sonication time 

is IO min. The percentage of oil yield for agarwood size of 0.2 cm which is 0.1686 %, 

0.2216 % and 0.2332 % is more higher compared to the percentage of oil yield for 

agarwood size of 1 cm which is 0.1328 %, 0.1466 % and 0.2006 % for sonication time 

is 10 min, 20 min and 30 min respectively. The data value obtained showed that the 

size of agarwood can affect the production of essential oil as the heat produced by 

boiling the mixture of solvent used which is distilled water and agarwood can penetrate 

more on smaller molecule of Agarwood cell wall and freeing more oil from AgaIWood. 

This also showed that the longest time of sonication which 30 min is causing more 

essential oils being extracted from the Agarwood in Hydrodistillation process. 

For Agarwood powder, the highest mass of agarwood oil shown in Table 4.1 

is 0.1171 gram and the percentage of oil yield calculated is 0.2342 % for sonication 

time is 30 min while the lowest mass of Agarwood oil obtained is 0.0903 gram and the 

percentage of oil yield calculated is 0.1806 % for sonication time is 10 min. The 

percentage of oil yield for agarwood powder which is 0.1806 %, 0.2232 % and 0.2342 

% was higher compared to the percentage of oil yield for agarwood size of 0.2 cm 

which is 0.1686 %, 0.2216 % and 0.2332 % for sonication time is 10 min, 20 min and 

30 min respectively. This is because the smaller size of the wood, the highest 

percentage of oil content will be produced (Nasardin et al., 2018). 
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4.3 Pre-treatment Time of Microwave 

Hydrodistillation extraction through microwave pre-treatment has been done 

and observed in order to increasing the potentials for producing good quality and high 

yield of essential Agarwood oil. The effects of these pre-treatment method has been 

seen in the experiment where the essential oils extracted by using Hydrodistillation 

process. Three types of Agarwood size which is 1cm, 0.2cm and powder size has been 

used as a sample and different time of microwave which is 2, 4 6 8 and 10 minute. The 

constant parameter is microwave power which is 600 W. 

The factors that affects the performance of microwave pre-treatment is the 

microwave power and the time used to do the pre-treatment. Based on the previous 

research, more yield of essential oil obtained when the microwave power is high. 

However, according the (Selvia et al., 2019) less essential oils were obtained at the 

power of 800 W and more essential oils were obtained at the power of 600 W. This is 

because at the high power, more components of oil were degrade. 

Table 4.2: Data obtained for microwave pre-treatment 

Size of Time of Mass of Percentage of Oil 

Agarwood (cm) Microwave (min) Agarwood Oil (g) Yield(%) 

1 2 0.0919 0. I 838

4 0.0948 0.1896 

6 0.1062 0.2124 

8 0.1099 0.2198 

10 0.1118 0.2236 

0.2 2 0.0969 0.1938 

4 0.1011 0.2022 

6 0.1045 0.2090 

8 0.1065 0.2130 

10 0.1086 0.2172 

Powder 2 0.1243 0.2486 

4 0.1247 0.2494 

6 0.1248 0.2496 

8 0.1258 0.2516 

10 0.1290 0.2580 
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Figure 4.2: Graph of percentage of Agarwood oil yield against time of microwave 
for microwave pre-treatment 
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For sample D which is agarwood size of 1.0 cm shows the highest percentage 

amount of hydrocarbon present in the agarwood oils extracted which is 68.94 % 

compared to the extracted oils from agarwood size 0.2 cm which 67.65 % as shown in 

the Table 4.3. However, same number of compounds were identified in both agarwood 

essential oil samples from 0.2 cm and 1.0 cm which is 35 number of compounds. 

Form Table4.3 , sample F for 9 days of soaking period shows the higher amount 

of hydrocarbon identified in the extracted agarwood oil which is 67.54 % compared to 

the sample E for 5 days of soaking period which only has 66.21 %. The number of 

compounds present in the both samples is also different which is essential oil for 9 

days of soaking period give 35 number of compounds while the essential oil for 5 days 

of soaking period give 34 number of compounds 

Table 4.3: Percentage amount of hydrocarbon present in different sample 

Compounds Sample 
B C D E F 

Total other 5.81 3.13 7.01 5.22 4.78 3.87 
compound 

Total sesquiterpene 2.38 2.56 3.03 3.14 2.56 3.55 

Total 51.80 50.41 51.37 53.94 50.83 50.77 
sesquiterpeno id 

Total carboxylic 7.55 10.38 6.24 6.64 8.04 9.35 

acid 

TOTAL(%) 67.54 66.48 67.65 68.94 66.21 67.54 
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Figure A.I: Essential oil produced from Agarwood size of 1 cm for uhrasound pre-
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Figure A.2: Essential oil produced from Agarwood size of0.2 cm for ultrasound pre­
treatment 

Figure A.3: Essential oil produced from Agarwood powder for ultrasound pre­
treatment 
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