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ABSTRACT 

 

Agarwood distil water or known as hydrosol is obtained by using hydrodistillation 

method. Agarwood distil water is widely used in medicine since it contains high anti-

oxidant and antibacterial properties that will improve the human health. The aim of this 

study is to analyze the characterization of Agarwood distil water from Aquilaria 

malaccensis at various time by using Fourier Transforms Infrared (FTIR) spectroscopy, 

Gas Chromatography-Mass Spectrometer (GC-MS) and also by using Inductive Couple 

Plasma (ICP). The functional groups has been successful identified which there were 

presence of same functional groups for each hydrosols samples at different production 

temperature such as alcohol group, alkene group, alkyne group and also aromatic ring 

alkane group. It showed that the different production time interval did not affect the 

functional groups. Then, there were about 48 chemical compounds of hydrosol have been 

successful identified and the different chemical compounds were found for the different 

production temperature or at various time. In this work, 1,2,4,5-Tetrazine, 1,4-

diethylhexahydro was the main compound found in hydrosol. Lastly, all the samples of 

these hydrosols did not contain any metals and safe to be used as medical treatment. In 

conclusion, the hydrosol from hydrodistillation process contains 1,2,4,5-Tetrazine, 1,4-

diethylhexahydro which is potentially used  is the treatment of diarrhoea and worm 

infections, and also used to treat the involuntary movements (chorea) of Huntington‟s 

disease or progressive brain disorder that causes uncontrolled movements, emotional 

problems, and loss of thinking ability. 
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CHAPTER ONE 

INTRODUCTION 

 

1.1        Background Study 

Agarwood or commonly known as gaharu, aloeswood, jinkoh, oud, agallocha and 

eaglewood is found in Aquilaria species which comes from family of Thymelaeaceae. 

Aquilaria is basically a woody plant which is inherent in Southeast Asia (Tetsuro Ito et 

al., 2012). Agarwood has about 15 species and there are four species are found in 

Thailand which their specific names are Aquilaria Crassna, Aquilaria Baillonil, 

Aquilaria Subinteqra and Aquilaria Malaccens (Penpun Wetwitayaklung et al., 2009). 

The species of Aquilaria Crassna is usually used in order to extract the oil because it 

contained excellence quality Agarwood oil.  Table below shows the classification of 

Agarwood: 

Table 1.1: Classification of Agarwood (Khalil et al., 2013)  

Kingdom Plantae 

Division Magnoliophyta 

Class Magnoliopsida 

Order Malvales 

Family Thymelaecca 

Genus Aquilaria 

Agarwood is actually a resinous heartwood substance that comes from the tree as 

a non-specific host response to insects, wounding or bacterial infections (Rozi Mohamed 

et al., 2014). The heartwood is basically in brown or black color and fragrant. After 

infection of Agarwood tree with parasitic mold, the aromatic resin will start to produce. 

The resin contained the tree extractives that has good aroma that comes from the 

compound namely sesquiterpene. The major sesquiterpenes compounds that contained in 
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the essential oil are including 11-dien-9one, gamma-selinene, selina-3, 11-dien-14-al and 

derivate chromonomes (Yoswathana et al., 2013).  

The main organs of the Agarwood tree are the stem and branches because those 

organs are the dopisition of „gaharu‟ occur (Mohamed.R et al., 2013). Then, there is also 

the existence of included phloem by the cambium and the concentrated resin is contained 

in the included phloem. The included phloem is characterized by the phloem tissue‟s 

layers that embedded in the xylem. Generally, Agarwood has a few grades namely, A, B, 

C and D that is classified according to its physical properties, formation and unique scent. 

Nowadays, Agarwood is very highly valuable fragrant woods because it contained 

economically essential oil and hydrosols with its aromatic unique product (Nuttawan 

Yoswathana et al., 2013). It is widely used in many industries including medicine, 

cosmetics, perfume and aromatherapy industries. However, it is also has been used for 

the religious ritual.  For the medicine area in Malaysia, the Agarwood was used by 

mixing the Agarwood with the coconut oil to use it as a liniment. In addition, the function 

of Gaharu is also to treat the smallpox, diarrhea, abdominal cramp, elderly fatigue, heart 

palpitations, as carminative, as a stimulant, for the pregnancy and also for the female that 

has disease of genital organs. 

There are three forms of Agarwood that have sold which are in form of pieces of 

heartwood, heartwood oil and heartwood powder. The heartwood is burned to produce 

the aromatic vapor in houses and also in shrines. The powder form of wood is used as 

incense and medicine. The Gaharu oil and resinous are very expensive because the 

production yield during extraction are low. Furthermore, the formation of resinous wood 

is very rare to occur in young and wild trees. Basically, the good quality Gaharu‟s price 

can achieve to RM10,000 per kg based on the resinous wood‟s grade.  

Besides, there are a lot of extraction methods that can be applied to produce 

essential oils. The common methods that have been used to extract the oils from the 

plants are including hydrodistillation, supercritical fluid carbon dioxide extraction (SFE), 

steam distillation and solvent extraction. The classical method that used to extract the 

Agarwood oil is by using hydrodistillation method. This method takes about 7-10 days 



  

3 
 

and is guarantee safe to operate. Then, supercritical fluid carbon dioxide extraction (SFE) 

method is better than hydrodistillation method as it has high diffusivity, low viscosity, 

non-toxic, nonflammable, consume less energy, good transport properties and extraction, 

chemically stable and produce high yields. 

In a nutshell, Gaharu distil water is an unique product and is widely used as tonic 

drink, for external skin, act as anti-depressant, remove anxiety and easing insomnia. It 

also has many benefits especially to improve human health. The taste of Gaharu distil 

water is quite similar to normal distilled water because it comes from the condensation 

process of boiled Gaharu. The hydrosol is quite expensive due to the high demand but 

low production yield of hydrosol. The different extraction methods of Gaharu distil water 

have their advantages and disadvantages themselves.  

1.1       Objectives 

The objectives of this study is to analyze the characterization of Agarwood distil 

water from Aquilaria malaccensis at different time interval by using Fourier Transforms 

Infrared (FTIR) spectroscopy and Gas Chromatography-Mass Spectrometer (GC-MS). 

Next, another objective of this research is to make a test on the water quality of 

Agarwood distil water or hydrosols which is heavy metal test by using Inductive Couple 

Plasma (ICP) in order to obtain the high purity of hydrosols. 

1.2        Problem Statement 

Basically, the producing of Gaharu is from the tree producing the resin that 

contained the infection from spreading and wound covering. Agarwood is tropical tree 

that allocates in rain forest southeast which is Laos, Cambodia, Thailand and Vietnam. 

The main uses of Gaharu are for medicine, perfumes and incense. Year by year, the 

technology is developed so that there are more equipment and process were found for the 

extraction of Agarwood distil water from Gaharu. However, that technology still has 

problem in the extraction of Agarwood distil water from Gaharu and leads to the low 

production yield of Agarwood distil water. In order to achieve high yield Agarwood distil 

water with low time extraction, there are many equipment that have been developed. This 

research has conducted the extraction to obtain Agarwood distil water by using 
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hydrodistillation method which is classical method because this method is believed can 

produce high amount of Gaharu distil water with safe operation and in shorter time.  

Then, there are several grade of Agarwood which are grade A, B, C and D that 

have been classified based on their physical properties. The physical properties are 

always changing from time to time and different from one country to the other country. 

This condition will cause the grade of the wood cannot be divided into right grade. The 

grade of the wood supposedly divided according to the chemical properties to give the 

accurate results. So in this research, gas chromatography-mass spectrometry (GCMS) and 

Fourier Transform Infrared (FTIR) were used to obtain the chemical properties of 

hydrosols. 

Besides that, some of the people are not preferred to use this hydrosol because 

they said this hydrosol was contained mold contamination and heavy metal. This will 

cause the people in suffer from diarrhea, cancer, and many other diseases. This condition 

is so dangerous because it involved human‟s lives.  So in this study, the hydrosols that 

obtained from hydrodistillation process was undergo water quality test. The test was done 

by using Inductively Couple Plasma (ICP) system. 

1.3       Scope of Research 

In this research, the extraction time of Agarwood distil water is the parameter that 

can be manipulated in studying the chemical profiling of Agarwood distil water and the 

quality of Agarwood distil water. However, there are limited values for the parameter. 

During extraction of Agarwood distil water, the time interval plays important role. The 

longer the time of extraction process, the higher the temperature of Agarwood distil 

water. The hydrodistillation process cannot be exceeding the temperature of 120
0
C to 

avoid the plant material from burning (Jutarut et al., 2011). The various time that have 

been conducted during extraction are 12 hours, 18 hours, 24 hours, 30 hours, 36 hours, 42 

hours and 48 hours.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1       Gaharu 

Basically, Gaharu or known as Agarwood is derived from its very important 

source that is Aquilaria species which is wounded trees and it is known as aromatic resin-

infused wood (Yangyang Liu et al., 2013). Aquilaria crassna which is an angiosperm 

within the Thymelaeaceae family is an evergreen tree. In the genus Aquilaria, it 

contained fifteen species which are eight of them can be produce agarwood (Moitreyee 

Saikia et al., 2012). The „Agarwood‟ term is actually referring to the resinous heartwood 

that can turn to aromatic. Agarwood usually consist of therapeutic and tonic properties 

(N.Ismail et al., 2016). 

Then, there are a lot of different names of Agarwood in this world which are 

according to the content of oleoresin such as eaglewood, aloeswood, calambac, garoo 

wood and oud. In Malaysia, the agarwood tree is usually called as “karas” (Nor Atikah et 

al., 2015). The numerous Agarwood different names are depending on the country 

language and also the philosophy which it is located. Agarwood usually grows at 700-

1400 m of altitude. The figure below shows the whole plant of Agarwood, and the cutting 

of stem of one week, 6 months and 20 months old Agarwood. 

 
Figure 2.1: (A) Agarwood‟s Whole Plant, (B) One Week Agarwood, (C) 6 Months 

Agarwood, (D) 20 months Agarwood (Janey Alam et al., 2015)  
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In Asia, the agarwood-producing trees (APT) species with high diversity was 

found in Indonesia compared to other countries (Hidayat et al., 2017). Gaharu is not 

tapped like other products of resin, but it is accumulated inside the tree and the wood 

tissue was impregnated in order to produce aromatic nodules known as Gaharu wood 

(Gary et al., 2001). It is not tapped like the extraction of sap and latexes from numerous 

tree species in the tropical forests because the tree was not secreted the Gaharu after 

making the incision (Obidzinski et al., 1997).  

Due to longer time of incubation, the quality of inoculated resin is high and it has 

a purer fragrance. As a result, Aquilaria trees are usually has been cut down broadly in 

order to find the agarwood that contained resins (Boon et al., 2016). The Aquilaria wood 

that can be classified as healthy is those that have soft, white and without smelly resins. 

The formation of Agarwood is happened when it is affected by exterior factors including 

the graze of animal, the lightning strike or the attack of insect.  

The harvesting of Agarwood normally will have one cycle after planting of 7 

years. The resin of agarwood will be produced by only 60% of trees at 1000 ha. There are 

about 833 trees will be plant in one hectare hence about 500 trees are assumed to be 

produce agarwood resin after seven years. The formation of Agarwood normally 

happened slowly and irregularly in old trees. This condition cause the market demand is 

higher than Agarwood‟s supply from wild sources. Furthermore, it is assumed that about 

1000 gram of Agarwood will be produced for each tree hence about 500 kg of Agarwood 

resin will be produced in one hectare. Besides that, the leaves of Agarwood is actually 

have the probable for antidiabetic by action mechanism as inhibitor of alpha-glucosidase 

and  also can increase the resistance of liver insulin by activation of AMP-activated 

protein kinase (AMK) (Fauzia et al., 2016). 

Nowadays, there are many researchers and scientists that are doing the research 

and development about Aquilaria trees. In Malaysia, Gaharu becomes popular because it 

is very useful and has a lot of benefits to improve human health. There is also the 

Research Institutions that conducting the research about this Gaharu. For an example, the 

Forest research Centre has started the project‟s collaborative to induce the Agarwood‟s 

formation by inoculating the tree of Gaharu.  
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2.2       Type of Extraction Method 

First of all, there are many types of extraction method in order to obtain the 

hydrosol from Agarwood. This extraction method will produce both Agarwood distilled 

water and also Agarwood essential oil. The various methods of extraction are including 

water distillation (hydrodistillation), solvent extraction, supercritical fluid extraction 

(SFE), steam distillation, cold pressing and spinning band distillation. Every method has 

their specific advantages and disadvantages. For an example, there is disadvantage of 

solvent extraction which is usually toxic, flammable and required high cost. 

In this work, the extraction method that is applied is hydrodistillation method 

which is classical method because it is safe to operate compared to other method and also 

environmentally friendly. In addition, hydrodistillation method is the famous extraction 

process among the local seller (Nor Atikah et al., 2015). Another advantage of this 

method is the volatile elements will be condensing into water and it is much cheaper 

compared to other extraction method. Basically, the time taken for hydrodistillation 

method is about 7-10 days. Figure below shows the apparatus of extractor that usually 

used in any industrial that produce hydrosol and agarwood oil. 

 
Figure 2.2: The Extractor Facilities (Jutarut et.al, 2011) 

 

According to the previous figure, Jutarut et.al reported that the unit of distillation 

comprises of four main components which are a stainless steel extractor that has 0.4 m of 
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inner diameter and 0.5 m of height, a stainless steel condenser that has 0.4m of inner 

diameter and 1.2 m of height, a stainless steel separator that has 0.3 m of inner diameter 

and 1.2 m of height, and lastly is a cooling tower that has motor of 1.5kW. The gas stove 

is used in order to heat the extractor that is connected with the controller to control the 

usage of gas and temperature of extraction. The temperature of extraction process cannot 

be exceeded 120
0
 because it can burn the material of plant. 

By using hydrodistillation process, the material of plant which is Gaharu will be 

immersed in the water which is in heated still. This process normally conducted under 

atmospheric pressure and a reduced pressure. The ratio of solid-to-water is usually 1:50 

g/mL is applied during this process. Then, the steam of water and essential oil will be 

produce and will leave the hot suspension. It will then condense, collected and is 

separated by using decantation. It will obtain two products which are essential oil and the 

hydrosol or floral water. This hydrosol is actually contained the constituents of the 

essential oil. 

During hydrodistillation process, the temperature will increase and lead to the 

increasing of pressure inside the organ‟s plant that consist of essential oil (Svetomir et al., 

2013). When the pressure is rise above certain level, it will break the cell wall and then 

will release the essential oil. During distillation, component of essential oil and steam are 

in intimate interaction (Akwasi et al., 2015). 
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2.3       Agarwood Distilled Water / Hydrosol 

Generally, Agarwood distilled water is commonly known as hydrosol, floral 

waters or hydroflorates. During aromatic plants distillation, the distillation water with 

dissolved components of essential oil is called as hydrosol (Rao et al., 2012). Hydrosol is 

actually quite similar to essential oil but hydrosol has less concentration compared to the 

essential oil. The word „hydro‟ gives the meaning of water meanwhile the word of 'sol' 

gives the meaning of solution. Hence, the word hydrosol can be defined as the watery 

solution that obtained during process of distillation that comprises of both the distilled-

water plant components and essential oil.  

Hydrosol is actually the by-product of the production of essential oil and it 

consists of plant essence in every drop. It is usually made by distilling the material of 

plant which allow the breakdown of the cell walls and then will produce the oil of the 

plant. The process of cooling was done to the steam and oil and it causes the steam 

becomes water and the oil to move at the top. This water is known as hydrosols and the 

oil is known as essential oil. In this study, the Gaharu wood was undergo the extraction 

process which is hydrodistillation in order to obtain the gaharu distilled water or hydrosol 

and Gaharu essential oil. Gaharu distilled water usually has soft aroma compared to 

essential oil of Gaharu. However, the scent is almost same with the Gaharu oil. Hydrosol 

consists of several carbohydrate and complex sugars in the solution. 

There are many human said that the hydrosols are not really recommended 

because they contained mold contamination or bacterial. However, when the process of 

distillation and the process packaging of hydrosol are conducted carefully, there will be 

no any spoilage occur easily. For example, the hydrosols must be placed in the aseptic 

container with seal and then kept in a low temperature place to overcome the 

contamination.  Every hydrosol obtained will be different because it depends on the 

technique of distillation used. Basically, the high quality of hydrosol is obtained from the 

initial part of distillation process instead of the final part of distillation process. 

Furthermore, the high quality hydrosols are those that not having any visible droplets of 

oil. The pH of hydrosol usually low which is about 4.5 to 5.5and it produce pleasantly 

aroma with the smell bright and normally looks like water which is clear. The pH value 
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gives the effects to the therapeutic of the hydrosol. There are some inhibitory effects on 

various bacteria that have by hydrosol.  

2.4       Essential Oil 

Essential oil which is usually known as fly oil or volatile oil is actually a fluid 

compound that can be derived from some parts of the plant such as stems, fruits, leaves, 

seeds, flowers or roots by technique of distillation (Mahfud et al., 2017). They are 

contained in secretory cells, canals, cavities, glandular trichomes or epidermic cells. 

There are around 3000 essential oils are presented. However, only 10% of the essential 

oil that presented is significant to be commercial. The percent consumption of essential 

oil is about 8-10% in every year. 

The essential oil can be produced from various plant species which is about 150-

200 species such as family of Lauraceae, Labiatae, Pinaceae, Compositae, 

Umbelliferaceae and Myrtaceae. The main producer country of the essential oil in the 

world is Indonesia which is having 45 species of plant that can produce essential oil. 

However, only 15 plants have been exported including Agarwood oil, ginger oil, cajeput 

oil, blackpepper oil, kaffir lime oil, massoil oil, turpentine oil, cananga oil, patchouli oil, 

vetiver oil, sandalwood oil, citronella oil, bud oil, cullilawan oil and sassafras oil. Then, 

about 90 types of essential oil are traded in international market.  

Essential oils are actually consists of the isomers that have complex mixtures like 

sesquiterpenes, monoterpenes, aliphatic compounds and aromatic compounds. Generally, 

the pleasant odor and aroma of agarwood oil will cause the chemical components to 

present. Basically, any pure essential oils can be classified into two different chemical 

components groups which are hydrocarbons and the oxygenated compounds. For the 

hydrocarbons, they are made up of terpenes which are monoterpenes, sesquiterpenes and 

diterpenes. Terpenes functions as to prevent the toxins accumulation and help to release 

the existing toxins from the kidneys and liver. Meanwhile for the oxygenated compounds, 

they are consisting of esters, ethers, acids, ketones, lactones, acetals, aldehydes, phenols, 

alcohols and oxides. These hydrocarbons and oxygenated compounds are affected the 

characteristics of odor and aroma of the oils.  
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2.5       Chemical Component in Agarwood 

Generally, the fragrance substances or aromatic of resin of Agarwood essence is 

belonging to the sesquiterpene and has particular chemical structure (Adi et al., 2016). 

Sesquiterpenes can be classified as the main active constituents that have important 

function which is giving the scent, pleasant odor and unique aroma of agarwood (Yumi et 

al., 2014). Sesquiterpene usually has properties of anti-allergy and anti-inflammatory. 

There are about 15 carbon atoms that contained in the sesquiterpenes and also have 

multifaceted pharmacological actions. This sesquiterpene not only found in Gaharu but 

also can be found in floral oils like rose and chamomile.  

It has been reported that the components that usually contained in the Agarwoods 

are sesquiterpe-noids of eremophilane-,5,6 nor-guaiane-, 5-7 spirovetivane-,6guaiane-, 

5,7 eudes-mane-,8 and prezizaane-type,5 2-(2-phenylethyl) chromone derivatives (Jun-ya 

et al., 2006). There is three new sesquiterpenic furanoids that derived from the fungus 

infected plant. The fungus that is dominant to infect the Aquilaria‟s stem is known as 

Aspergilus niger. Other than that, there is also other pathogenic fungus that contained in 

the Agarwood which are Penicillium, Fusarium and Trichoderma sp. 

In addition, there is component of monoterpenes in Gaharu that contained about 

10 carbon atoms structure that resulting from units of two isoprenes which are mostly 

found in the essential oils. Monoterpenes are minimally having one double bond and they 

will willingly react to the sources of heat and air. For Gaharu essential oil, it has been 

reported that the major compounds that usually contained in them are limonene (16–

18%), α-pinene (38–54%) and myrcene (9–19%) (Svetomir et al., 2013). The character, 

content and composition of essential oils that extracted from plant of different species, 

same species of plant or different parts of species plant will be not same to each other 

because of the different climate, the age of plant, soil factor and also different locations 

geography. The important chemical compounds that contained in Gaharu which 

contribute to the scent of Gaharu are agarospirol, jinkohol, jinkohol-eremol and khusenol. 
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Table 2.1: Chemical Compounds in Agarwood (from google image) 

Name of Chemical 

Compound 
Chemical Structure Molecular Weight (g/mol) 

Agarospirol 

 

 

222.366 

Jinkohol 

 

 

222.366 

Jinkohol-eremol 

 

 

222.366 

Kusenol 

 

 

472.527 
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2.6       Uses of Agarwood 

Agarwood has been used for various purposes for many thousands year 

throughout the world. Agarwood is a non-timber forest product that is very expensive 

which can be used in perfumes, incense, medications, aromatherapy and spiritual 

ceremonies (Yangyang et al., 2013). It is very important in traditional medicinal plant 

that used to treat numerous infectious ailments including inflammatory diseases and also 

has been widely used to treat digestive and sedative disorders in Arabs and Japanese 

(Saad Sabbar et al., 2016). 

Incense is actually comes from Latin words which is incendere that giving the 

meaning of „to burn‟. It contained the aromatic material that can produce the good aroma 

after burning. Basically, the smoke of incense is functioning as mask odor and also used 

in aromatherapy. In Chinese, the people there describe the smell of the incense is sweet. 

In Japanese, Indians and Arabians, this incense is used during the party of festal and also 

used in the religious. For example in Japan, the agarwood is used in ancient koh doh or 

“incense‟s listening” ceremony.  

The quality of the incense agarwood can be classified according to the physical 

characteristics which are including the density, solubility, odour and colour. In addition, 

incense smoke consists of two types which are Eastern incense and Western incense. The 

production of Eastern incense is from the natural plants like agarwood. Meanwhile for 

Western incense, it is processing from the resin in the flowers and oils. In order to 

produce pleasant aromatic in the house or anywhere, the incense is burned. The 

Agarwood that is in powder form is to given in appetite‟s loss functioning as increases 

the circulation of blood, lessens the cough and reliefs in asthma and bronchitis. Then, 

Agarwood also used to treat the fevers because Agarwood has the cooling effect. It also 

can treat colic pain, toothache, pains and headache during the pregnancy. 

Besides that, the Gaharu distilled water is very useful to the people that have 

sensitive skin or sensitive body such as elderly and infants. Besides, hydrosol also can be 

used for the patients who undergo eye surgery or whose have irritated eyes. They can 

directly apply the hydrosol to their eyes to compress it. However, all the things including 
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utensils and containers must be sterilize before treating the eyes. In addition, hydrosol is 

very suitable to apply for external skin which is can act as anti-depressant, can get rid of 

the anxiety and easing insomnia. This hydrosol also can be used as a tonic drink in order 

to balance the woman hormone and help during menopause. In India, there are a few 

farmers that applied the hydrosols on the agricultural crops in order to avoid insect pests 

and also disease. Besides, both hydrosols and essential oils are antiseptic and anti-

flammatory. However, many patients more preferred to use hydrosol because it is the 

component of water so that it more tolerable and refreshing. Next, hydrosols can be used 

by the young children and also babies safely. 

In addition, Gaharu oil is actually an essential oil that comes from steam and 

water distillation of Gaharu. Gaharu essential oil has various uses such as to treat cancer, 

rheumatism, hepatitis, kidney disorders, malaria and also to relieve stress. For an 

example, the Gaharu in Tibet functions as a drug like painkillers, stomachache, nerve 

stimulant, anti-asthmatic and lung tumors (Adi Parwata et al., 2016). In addition, a drink 

that contained one drop of Gaharu oil can help to warm up the cold body of human 

during cool seasons. Gaharu oil also contained high value in manufacturing of luxury 

perfume, soap and fragrance (M.A. Islam et al., 2014). Table below shows the summaries 

of Agarwood‟s uses: 

Table 2.2: Uses of Agarwood (M.Farid et al., 2010)  

Agarwood’s type Uses 

Incense production 
Ceremonies of religious, homes, meditation and 

rituals. 

Gaharu oil 
For perfume, products of toiletry like shampoo and 

soap. 

Wood 
Chinese, Ayurvedic and other Asian traditional 

Asian medicine. 

 

 



  

15 
 

2.7       Grading and Prizing of Agarwood 

Generally, there are many forms of Agarwood which are including chips form, 

blocks, powder, logs and flakes. Agarwood can be classified into some grades which are 

Grade Super A, Grade A, Grade B, Grade C, and Grade D. The most expensive is Grade 

Super A compared to others Grade. The classification of Grade and the value of 

Agarwood are based on the quality of the Agarwood. The indicators of Agarwood‟s 

quality are including the density and color of the wood.  

The wood that has greater quantity of oleoresin will be in dark color compared to 

the less amount of oleoresin contained in wood will have less-darkened color. Agarwood 

that originates from the older trees will have deep in color and usually have the best 

quality. So, there are several sellers that soaking the chips of wood in a petroleum-based 

synthetic oil mixture in order to make it becomes dark in color. This type of wood is 

called as black magic wood (BMW). Figure below shows the Grade A Agarwood, Grade 

B Agarwood and “Black Magic Wood” (BMW). 

 
Figure 2.3: (a) Grade A Agarwood, (b) Grade B Agarwood, and (c) “Black Magic Wood” 

(BMW) (Lee et al., 2016)  

 

 



  

16 
 

Besides, the grade of Agarwood also has the grading system itself in according to 

the country. However, there is no efficient explanation about this system. Then, from the 

information that has been supplied by many traders, there are some other characteristics 

in order to differentiate the grades of Agarwood. First, the higher quantity of resin in 

Agarwood will cause the higher price. It is because the high amount of resin will lead to 

high pure level of scent will come from the piece of woods. The next characteristic is the 

age and tree‟s location. The portion of the tree from where the removing of Agarwood is 

can be the indicator of the Agarwood‟s quality. For instance, the more valuable 

Agarwood is derived from the root‟s part compared to other tree‟s part. In addition, more 

quantity of resin is contained in thick pieces of Agarwood compared to the thin pieces. 

The price of Agarwood oil is quite expensive because the oil has unique aroma 

(Yumi et al., 2014). In this world, the most expensive of Agarwood is the first-grade 

Agarwood which is about ranging of a few dollars for 1 kg for low quality, meanwhile 

for the top quality Agarwood, the price is more than USD 30,000 for 1 kg (K 

Jayachandran et al., 2014). Besides that, it has been also reported that the price of Grade 

A Agarwood is about RM1,000 for 1 kilogramme in 1985 and then increased to 

RM14,000 for 1 kilogramme in 2008 (M.Farid et al., 2010). The price is increased of 

numerous Agarwood‟s Grades because of the highly demand of Agarwood and also the 

less supplier of Agarwood. 

However in the Middle East, the price of Malaysian Agarwood that has the lowest 

grade is USD19 per kg meanwhile for the top grade it cost about USD9589 per kg. In 

every year, it is estimated that the Agarwood‟s value shipped out of Singapore is 

exceeded $1.2 billion. Next, the demand of Agarwood in industrial of perfume has 

increase year by year. As a result, the price of Agarwood will be higher because of the 

less supply of Agarwood in this world. So, the price of raw material of perfume which is 

Agarwood becomes the most expensive in the world.  
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2.8       Gas Chromatography-Mass Spectrometry (GC-MS) 

Gas Chromatography Mass Spectrometry (GC-MS) is actually the two techniques 

which are gas chromatography and mass spectroscopy  that are combined together in 

order to appraise the quantitative and qualitative of the mixture compounds (N.Ismail et 

al., 2016).  Basically, the goal of GC-MS is to identify, to separate, and to quantify the 

mixture compounds like essential oils and also to define the unknown compounds 

arrangement (Isabel et al., 2009). There are two criteria that must be fulfill in order to 

accomplish this goal which are the identification of the individual mass spectrum must be 

determine correctly and the plenty of chromatographic peaks must be calculate correctly 

corresponded to each sample compounds (Lea G. Johnsen et al., 2017).  

In mass analysis, the ions or particles of charged are necessary in order to develop 

with the electron impact ionization (EI). In gas chromatography, the mass spectrometer is 

used as detector and it was developed by Fred McLafferty and Roland Gohlke in 1950s 

(Kataria Sahil et al., 2011). These bulky devices are sensitive with their fragile materials. 

The computers was developed in order to help in simplification of the instrument usage 

and to shorten the time taken in sample analyzing. The figure below shows the GC-MS 

looks like. 

 
Figure 2.4: Insides of GC-MS looks like, with the gas chromatography column 

(Kataria Sahil et al., 2011)  
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To be clearer, figure below shows the schematic diagram of GC-MS. 

 
Figure 2.5: GC-MS Schematic Diagram (Maqbool et al., 2014)  

 

Based on the figure above, GC-MS has two major building blocks which are gas 

chromatograph (GC)  separative technique that consist of injector, column and oven and 

the second building block is mass spectrometer (MS) detector that consist of mass 

spectrometer, control electronics, detector , ion source and oven.  Gas chromatography 

equipment usually comprises of injection port which located at the end of metal column 

that is packed with material of substrate and the detector which is located at the other end 

of the metal column. Injector functions as to volatize the sample and then entered the gas 

chromatograph column. Column is used as the transportation medium of sample 

components by using gaseous mobile phase. The size of columns capillary gas 

chromatograph is normally 10-120 m long, 0.10-0.50 mm internal diameter and length of 

1-5 meters. Then, in any gas chromatography, there is an oven that normally has range 

temperature about 5
0
C to 400

0
C but sometimes the temperature can stand at low which is 

about -25
0
C with the cooling of cryogenic.   

GC-MS are widely used in many industries including pharmaceutical industry, 

food, flavor, beverage and fragrance industry. In this research, GC-MS was used to 

analyze the chemical profiles in Gaharu distilled water. A sample of hydrosol is 

introduced into the GC in order to be heated to become vapor and then carried by inert 
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gas which is helium along the column.  When it is vaporized through the column, it will 

separate into constituent of individual molecular after it interacts with the column 

stationary phase. Next, the constituent that has been separated is passed into the MS. This 

constituent will become ionized in the MS module. The amplification and detection as 

current of the charged constituent is done by the MS. The peak will be presented in a 

chromatograph for each of the constituent. In order to determine the substance, all the 

peaks will be compared to a molecule‟s library.  

The chemical profiles analysis is really required to classify the Agarwood oil 

based on their respective classes where we can measure the accurate results (Nurlaila et 

al., 2013). In a nutshell, GC-MS can be classified as an advanced technique compared to 

other analytical equipment because it gives very effective result, more efficient and 

reproducible (Ashish chauhan et al., 2014).  

2.9        Inductively Coupled Plasma (ICP) 

Generally, inductively coupled (ICP) system has been widely used in industry in 

order to determine directly the trace elements in geological things and directly can be 

obtained a lot of information about the sample (Qi Liang et al., 2000). The 

determinations of trace metal in samples are depending on the atomic emission 

spectrometry (IES). ICP actually comes from source of plasma where the energy is 

provided by the electrical currents which is made by electromagnetic induction. It 

consists of sufficient ions and electrons concentration in order to make the conductive gas 

electrical. This technique is great and the equipment is quite sensitive in order to define 

the trace metal accurately. The positive ions in these plasmas are mostly all singly-

charged and just a few negative ions there. So the electrons and ions are having quite 

equal amounts in each plasma unit. ICP is basically comprises of three concentric tubes 

that made from silica. Coupling is obtained when the magnetic field is generated by 

passing the electric current with high frequency through a cooled coil‟s induction. 

Then, the components that include in ICP are ICP torch, introduction system 

sample (nebulizer), generator with high frequency, transfer optics and spectrometer, and 

lastly the computer interface. The type of solution that is preferred is aqueous solution 
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instead of organic solution because organic solutions need special manipulation prior to 

ICP injection. Then, sample of solids are not preferred because it can cause the 

instrumentation to be clogged. The function of nebulizer is to convert the aqueous 

solution into an aerosol. Some advantages of ICP are including its capability to determine 

all type of elements except Argon. It is also can perform the analysis of multi elemental 

rapidly.  

In this study, inductively coupled plasma (ICP) system was used in order to 

determine the total heavy metal content that presence in the hydrosol such as Arsenic 

(As), Magnesium (Mg), Plumbum (Pb), Ferum (Fe), Zinc (Zn), Lead (Pb) and Cadmium 

(Cd). This heavy metal test was done in order to make sure there are no heavy metal 

present in the Gaharu distil water. It is because heavy metal can cause risks for the 

healthiness of human and also give bad effect to the environment (Monisha et al., 2014). 

In this work, we must make sure that there is zero heavy metal in Gaharu distil water in 

order to save human‟s lives and also to keep our environment from the pollution. 

 Figure below shows the ICP cross-sectional view. 

 
Figure 2.6: ICP cross-sectional view (Okumura, 2010)  
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2.10     Fourier Transforms Infrared (FTIR) 

FTIR measures the frequencies at which the sample absorbs, and also the 

intensities of these absorptions. The frequencies are helpful for the identification of the 

sample‟s chemical make-up due to the fact that chemical functional groups are 

responsible for the absorption of radiation at different frequencies. FTIR is very helpful 

for the predictive assignment of chemical compounds. 

 
Figure 2.7: Fourier Transforms Infrared (FTIR)(from google image) 
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 CHAPTER 3  

RESEARCH METHODOLOGY 

 

3.1       Materials and instruments 

The materials and instruments require in this research are including: Agarwood of 

Aquilaria species that used in this study were obtained from natural population of Kuala 

Krai, Kelantan in September 2017, distilled water, hexane, Fourier Transforms Infrared 

(FTIR) spectroscopy (Perkin Elmer 2000 Model), gas chromatographic-mass 

spectrometer (GC-MS) model Varian 240-MS completes with the 450-GC with a Combi 

PAL autosampler from CTC Analytics, Inductive Couple Plasma (ICP) Spectrometer 

(ThermoFisher Scientific) with brand or model is iCAP 6000 series, 1 Liter of separation 

funnel, hydrodistillation (extraction facilities), grinder, 50 ml of beakers, 50 ml of 

measuring cylinder, dropper, 20 ml of pipette, seven unit of 500 ml plastic bottles, 

volumetric flask and vial cronus clear 12 x 32mm. 

3.2     Methodology 

3.2.1   Grinding 

About 25 kg of dried Agarwood were ground by using grinder machine. 

The large trunk of Agarwood was chopped into the smaller size. This is done in 

order to obtain the maximum surface area for the process of extraction and also to 

give maximum contact time between the particle of Agarwood and the solvent. 

Figures below show the Agarwood collection. 

 
Figure 3.1: Agarwood were cut into smaller size 
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Figure 3.2: The smaller size of Agarwood 

 

3.2.2   Extraction Method 

In this study, the type of extraction method that has been used is 

hydrodistillation process or known as condensation process of boiled Agarwood. 

Traditionally, the hydrosol was extracted from Aquilaria sp has been done by 

using hydrodistillation method (Norul et al., 2015). About 25 kg dried Agarwood 

was extracted by using extraction facilities. Before the time of extraction process 

was taken, the system was left for 15 minutes to equilibrium state. It is to ensure 

the process of extraction was conducted in stable condition. Hydrodistillation was 

conducted at various time starting with 12 hours, 18 hours, 24 hours, 30 hours, 36 

hours, 42 hours and 48 hours  to collect the gaharu distil water in a bottle. The 

extraction process was started at 6pm on 14
th

 March 2018. About 40ml of gaharu 

distil water was collected in a bottle every 6 hours which is until 6am of 16
th

 

March 2018.  The hydrodistillation process cannot be exceeding the temperature 

of 120
0
C to avoid the plant material from burning. The temperature of this 

extraction process is constant about 100
0
C. 

During the distillation process, the vapor that consist of volatile 

compounds and steam were rise to the condenser from the extractor, where two 

phases of immiscible liquid are formed which are known as Agarwood oil and 

aromatic water (hydrosol). The oil of Agarwood which is lighter than hydrosol 

was separated from the hydrosol and located at the top of the separation funnel, 

meanwhile the hydrosol is formed below the Gaharu oil. 500ml of hydrosol was 
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collected for every 6 hours in the 500ml of plastic bottle in order to analyze their 

chemical profiling and evaluate the quality of hydrosol. Figure below shows the 

figure of extraction facilities that has been use during this research. 

 
Figure 3.3: Extraction Facilities 

 

 
Figure 3.4: Separation funnel that separate oil and hydrosol 

 

3.2.3    Physiochemical Studies of Hydrosol 

The hydrosol that obtained from extraction of Gaharu (hydrodistillation) 

were tested in order to obtain the chemical profiling and also to study the water 

quality. For the chemical profiling, it was analyzed by using gas chromatographic 

mass spectrometer (GC-MS). Meanwhile for water quality, it is to define dissolve 

oxygen (DO) value, pH value and also test for the heavy metal like Arsenic (Ar), 

Mercury (Hg) and Plumbum (Pb) at various extraction time. 
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 3.2.4    Preparation of Sample Hydrosol in Hexane 

First of all, about 1ml of hydrosol of each seven samples of hydrosols was 

filled up into the seven different beakers by using pipette. Then, 10 ml of hexane 

was pipetted into each beaker that contained hydrosol. The solution was shaking 

for 2 minutes to make sure the mixture was well mixed. After that, visually 

observe the solution if there was any layer formation. The two layers were formed 

which were hexane layer and hydrosol. Then, about 1 ml of the hexane solution‟s 

layer was transferred into the vial cronus clear 12 x 32mm by using dropper. 

Then, the solution was analyzed using GC-MS to analyze the chemical 

constituents in hydrosol. Figure below shows the preparation of sample hydrosol 

in hexane: 

  
Figure 3.5: Seven beakers that contained two layers of hydrosol and hexane 

solution after shaking 

 

 
Figure 3.6: The solution kept in the vial cronus clear to undergo GC-MS 

analysis 
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3.2.5  Characterization Method by Gas Chromatographic-Mass Spectrometer 

(GC-MS) 

The characterization method or chemical profiling of Gaharu distil water 

is obtained by chromatographic technique which is by using gas chromatographic 

mass spectrometer (GC-MS) model Varian 240-MS completes with the 450-GC, 

with a Combi PAL autosampler from CTC Analytics. It is to analyze the chemical 

components that contained in Gaharu hydrosol. The sample of hydrosol was 

injected in GC-MS that equipped with a split injector and the carrier gas that used 

is Helium. Then, electron ionization (EI) mass spectra were noted in the full scan 

mode at certain electron energy. At the end, the system will display the results 

obtained. We can detect the peaks from GCMS depends on the total ion 

chromatography (TIC) and mass chromatography. Figure below shows the figure 

of GC-MS that has been use during this research. 

 
Figure 3.7: Gas Chromatographic-Mass Spectrometer (GC-MS) model Varian 

240-MS completes with the 450-GC, with a Combi PAL autosampler from CTC 

Analytics 
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3.2.6   Water Quality Test for Heavy Metal 

The Gaharu distil water is undergo heavy metal test which are analyzed by 

using Inductive Couple Plasma (ICP) system (ThermoFisher Scientific) with 

brand or model is iCAP 6000 series. This test is conducted to make sure whether 

there is present of heavy metal or not in the Gaharu distil water. We must make 

sure that the results are not containing any heavy metals in this hydrosol because 

those elements can give a risk to human health if they use this hydrosol. Figure 

below shows the figure of ICP that has been use during this research. In this 

study, test for the heavy metal is conducted which were Arsenic (Ar), Magnesium 

(Mg), Ferum (Fe), Zinc (Zn), Lead (Pb) and Cadmium (Cd) at various extraction 

time. 

 
Figure 3.8: Inductive Couple Plasma (ICP) system system (ThermoFisher 

Scientific) with brand or model is iCAP 6000 series 
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3.2.7    Characterization Method by Fourier Transform Infrared (FTIR) 

All hydrosols were characterized by FTIR spectroscopy (Perkin Elmer 

2000 Model) to identify the active functional groups. The FTIR study was carried 

out by using the Perkin Elmer System 2000 FTIR instrument. First, the 

transparent Pellets (thin disc) were formed by mixing 5mg of the sample with 100 

mg of potassium bromide (KBr) (1:20) using a mould and press, and compressed 

under a pressure of 7 ton. The investigation was performed within the wavelength 

ranging from 4000 to 400 cm
-1

 and the spectrum takes about three minutes to be 

recorded. The acquisition of the spectra and peaks assignment was performed 

using FTIR software Spectrum 3.02.01 (Perkin Elmer, Inc., Waltham, MA). 

 
Figure 3.9: Fourier Transform Infrared (FTIR) 
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CHAPTER 4 

RESULT AND DISCUSSION 

 

4.1       Introduction 

By using hydrodistillation method, the 25 kg dried Agarwood could gave about 1 

litre of Agarwood distil water or known as hydrosol. This extraction process of hydrosol 

was run continuously about 48 hours. However, in this study, the hydrosols were 

collected at various time of extraction process starting with 12 hours, 18 hours, 24 hours, 

30 hours, 36 hours, 42 hours and 48 hours by collecting hydrosols in the bottles. The 

extraction process was started at 6pm on 14
th

 March 2018. About 40ml of hydrosol was 

collected in each bottle every 6 hours which is until 6am of 16
th

 March 2018. The 

hydrosols were successful collected in seven bottles for every 6 hours as shown below: 

 
Figure 4.1: Collection of hydrosols every 6 hours 
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Figure 4.2: Seven bottles of hydrosol collection 

 

The samples of hydrosols have been collected about 7 bottles with different time 

of extraction process. All samples were clear in color like normal water. All these 

samples were analyzed by using Fourier Transform Infrared (FTIR), Gas 

Chromatography-Mass Spectrophotometer (GC-MS) and Inductive Couple Plasma (ICP). 
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4.2       Characterization by Fourier Transform Infrared (FTIR) analysis 

All the seven samples of hydrosols were characterized by using FTIR. By using 

FTIR analysis, the characteristic of the absorption peak such as scope and location of 

hydrosols chemical contents or the functional groups could be identified.  About a few 

drops of each sample of hydrosols were used during FTIR analysis. The infrared spectra 

of all the samples of hydrosols were taken and evaluated. All the spectrums did not 

present major changes of peaks for Agarwood distil water at various extraction time. 

Figures 4.3, 4.4, 4.5, 4.6, 4.7, 4.8 and 4.9 show the IR spectrum of all the samples 

hydrosols that were collected respectively.  

Base on the result, O-H bond of hydrogen bonded alcohol or phenol (3600-3200 

cm
-1

) group frequency was present in all sample of hydrosols which at different time 

extraction process with  frequency of 3309.49 cm
-1

,  3309.67 cm
-1

, 3309.02 cm
-1

, 3309.68 

cm
-1

, 3309.74 cm
-1

, 3308.97 cm
-1

 and 3308.68 cm
-1 

respectively. A broad spectrum can 

be detected from the figures below that denote the availability O-H bond. This is the very 

important part because the presence of O-H bond indicates the existence of phenolic 

compound in the hydrosols. This finding was considered successful because it was same 

as proposed by Khalil et al., (2013) where they had identified the presence of alcohol or 

phenol functional group in Agarwood or hydrosol. 

Then, the band of most prominent in alkynes looks like to the carbon-carbon triple 

bond. The alkyne C C-C stretch (2260-2100 cm
-1

) group frequency was identified in all 

samples of hydrosols with frequency 2101.49 cm
-1

, 2155.24cm
-1

, 2116.73cm
-1

, 2134.91 

cm
-1

, 2116.25cm
-1

, 2067.66cm
-1

 and 2115.13cm
-1

 respectively. There was very little 

organic compounds show an absorption in this region. All these frequencies show as a 

sharp and weak band at around 2100 cm
-1

. The band was weak because of the triple bond 

that was not very polar. In certain cases, such as for the highly symmetrical alkynes, it 

might not represent at all because of the polarity of the triple bond was low linked with 

those alkynes. 

Next, H-O-H bond (1640-1630cm
-1

) group frequency was also present in all 

samples of hydrosols at frequency of 1636.49 cm
-1

, 1636.36 cm
-1

, 1636.44 cm
-1

, 1636.36 



  

32 
 

cm
-1

, 1636.40 cm
-1

, 1636.50 cm
-1

 and 1636.45 cm
-1

 respectively. All the samples 

contained H-O-H bond from water which the Agarwood hydrosol itself is a water 

homogenous mixture and sesquiterpenoids of Agarwood. From this indication, it is 

estimated that all these samples of hydrosols have majority of Agarwood 

sesquiterpenoids. 

Last but not least, C-C bond of aromatic ring (1500-1400 cm
-1

) group frequency 

was identified in all samples of hydrosols with frequency at 1497.69 cm
-1

, 1497.90 cm
-1

, 

1497.95 cm
-1

, 1497.88 cm
-1

, 1497.90 cm
-1

, 1497.98 cm
-1

 and 1498.07 cm
-1 

respectively. 

This aromatic ring was synonym with the characteristic of hydrosol that gave out the 

distinctive Agarwood aroma. Table below shows the functional groups of hydrosols that 

obtained from this study. 

Table 4.1: Functional groups of hydrosols from Aquilaria malaccensis 

Band assignment Functional Group Group band  (cm
-1

) 

O-H  Alcohol/Phenol 3600-3200 

In ring C-C stretches  Aromatic Ring 

Alkane 

1500-1400 

C C-C Stretch Alkyne 2260-2100 

H-O-H  Alkene 1640-1630 
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All the seven figures below show the plots of FTIR for Agarwood distil water that has 

been extracted at various time or temperature. 

 
Figure 4.3: FTIR Spectrum for Agarwood distil water after 12 hours extraction process 

 

 

 
Figure 4.4: FTIR Spectrum for Agarwood distil water after 18 hours extraction process 
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Figure 4.5: FTIR Spectrum for Agarwood distil water after 24 hours extraction process 

 

 

 
Figure 4.6: FTIR Spectrum for Agarwood distil water after 30 hours extraction process 
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Figure 4.7: FTIR Spectrum for Agarwood distil water after 36 hours extraction process 

 

 

 
Figure 4.8: FTIR Spectrum for Agarwood distil water after 42 hours extraction process 
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Figure 4.9: FTIR Spectrum for Agarwood distil water after 48 hours extraction process 

 

 

Table 4.2: Summary of characteristic peaks bands on FTIR spectra 

Functional 

groups 

(bands) 

Wavenumber (cm
-1

) 

Time of 

extraction 

process 

12 

hours 

18 

hours 

24 

hours 

30 

hours 

36 

hours 

42 

hours 

48 

hours 

-OH 

stretch 
3309.49 3309.67 3309.02 3309.68 3309.74 3308.97 3308.68 

C C-C 

stretch 
2101.49 2155.24 2116.73 2134.91 2116.25 2067.66 2115.13 

H-O-H 

water 
1636.49 1636.36 1636.44 1636.36 1636.40 1636.50 1636.45 

C-C 

aromatic 

stretching 

1497.69 1497.90 1497.95 1497.88 1497.90 1497.98 1498.07 

As a conclusion, it was found that all samples of hydrosols from various 

extraction time consists the alcohol or phenols functional groups that were very useful in 

order to prove the presence of phenolic compounds inside the hydrosols. Then, the 
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presence of H-O-H bond from water since the Agarwood hydrosol itself was a 

homogenous mixture of water and Agarwood sesquiterpenoids. Next, the presence of C-

C bond of aromatic ring was very important because that aromatic ring gave the pleasant 

smell of hydrosol. Besides, the patterns of FTIR spectrum for all the samples were quite 

similar in which the entire spectrum did not show significance change of peaks. So, it 

means that the different time of extraction process did not affect the pattern of FTIR 

spectrum because all of the samples hydrosols had almost same functional groups. The 

spectrum of all samples of Agarwood hydrosols were recorded at range of 4000 – 400 

cm-1 (mid infrared spectroscopy) at 4 cm-1 resolution (FTIR model: Nicolet Avatar 370 

DTGS). 

4.3       Characterization by using Gas Chromatography-Mass Spectrophotometer 

(GC-MS) 

GCMS was used to detect the chemical contents in hydrosol. Basically, all of the 

Agarwood were complex mixtures of sesquiterpene hydrocarbons, sesquiterpene 

alcohols, aromatic compounds, and aliphatic hydrocarbons that very difficult to be 

identified based on MS alone where the chemical compounds of Agarwood should be 

identified by comparing the mass spectral data with the existing Wiley library and 

reference library spectral data (Nor Azah M.A et al., 2008).   

In this study, seven hydrosols samples of different time process extraction were 

identified by GC-MS analysis.  The chemical compounds that were detected in this 

hydrosol by GC-MS instruments were 48 in total as listed in table 4.3. According to the 

result, it was found that the   chemical component that was present in almost samples was 

1,2,4,5-Tetrazine, 1,4-diethylhexahydro. This showed that 1,2,4,5-Tetrazine, 1,4-

diethylhexahydro was the main compounds found in hydrosol at different time interval. 

1,2,4,5-Tetrazine, 1,4-diethylhexahydro formula was C6H16N4 with molecular weight of 

144.21804 g/mol. This compound is used in the treatment of diarrhea and worm 

infections, and also used to treat the involuntary movements (chorea) of Huntington‟s 

disease or progressive brain disorder that causes uncontrolled movements, emotional 

problems, and loss of thinking ability. 

https://www.1mg.com/diseases/diarrhoea-49
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From the results, it indicates that there were some differences and variations in the 

chemical composition of hydrosol at different time. According to Jutarut Pornpunyapat et 

al., (2011), the different extraction process time will effect on the chemical compounds of 

hydrosol. The higher number of chemical components should be result at longer 

extraction time. So, this study was similar to the findings by Jutarut Pornpunyapat et al., 

(2011) because the results showed the differences of chemical contents in all samples at 

different production time. Meanwhile, for the number of chemical components, the result 

showed that the number of chemical component in hydrosol was increased from hour 12 

until hour 36 which were from 8 to 15 of chemical components. Then it was decreased at 

hour 42 and hour 48. The decreasing in number of chemical components means that there 

was something wrong because it should be the higher number of chemical compounds 

when the production time was longer. 

This failure may cause by the incorrect preparation of sample hydrosol in hexane. 

In this study, the solvent extraction had been conducted before the analysis of GC-MS 

was done. The reason of conducting this solvent extraction was because of the sample of 

this hydrosol was water based solution, so that it should undergo the solvent extraction 

which was by using the hexane as a solvent in order to give a better sensitivity for the 

GC-MS test. It is because GC-MS instrument could not handle the sample from the water 

base solution and it also had a potential to cause the damage of column. It should inject 

the extracted sample in the GC-MS because it could not detect the chemical component 

from the water based. However, this step of solvent extraction also did not give the best 

result. It might cause of the ratio of sample to hexane were not suitable. The ratio of 

sample to hexane that was used in this study was 1:10. It might be the solvent could not 

extract the ion in sample properly because the content of sample was too little. Hence, 

another step should be done in order to get the most accurate results. Table 4.3 shows the 

chemical compounds of the all samples. 
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Table 4.3: Compounds Identified from GC-MS Analysis of Hydrosol  

No 

 

Compounds Chromatogram Area (%) 

Time of extraction 

process 

12 

hours 

18 

hours 

24 

hours 

30 

hours 

36 

hours 

42 

hours 

48 

hours 

1 Pentane, 3-ethyl-

2,2-dimethyl 

0.2120 - - 0.369

0 

- - - 

2 2-Octanol, 8,8-

dimethoxy-2,6-

dimethyl 

0.0466 - - - - - - 

3 1,2,4,5-Tetrazine, 

1,4-

diethylhexahydro 

0.0459 - 0.061

2 

0.096

7 

0.066

5 

- 0.1140 

4 Allyldimethyl(viny

l)silane 

0.0057 0.0352 0.028

4 

0.007

7 

- 0.005

0 

0.0146 

5 2,2-

Dimethylpropanoic 

anhydride 

0.0046 - - - - - - 

6 3H-1,2,4-Triazol-

3-one, 1,2-dihydro 

0.0056 0.0058 - 0.010

2 

- 0.005

0 

0.0098 

7 Oxalic acid, 

cyclohexyl propyl 

ester 

0.1760 - - - - - - 

8 Oxalic acid, butyl 

cyclobutyl ester 

0.0213 - - - - - - 

9 2-Isopropyl-3-

vinyloxirane 

- 0.6600 0.257

0 

- - - 0.6870 

10 4-

Methoxypyrrolo[2,

3-d]pyrimidine 

- 0.0056 - - - - - 

11 Thiazole - 0.0040 - - - - - 

12 1H-Tetrazole, 1- - 0.0094 - - - - - 
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methyl 

13 2-Methyl-1,5-

hexadiene-3-ol 

- 0.0029 - - - - - 

14 Acetamide, N-(2-

hydroxyethyl 

- 0.0490 - - - - - 

15 Silicon 

tetrafluoride 

- 0.0019 - - - - - 

16 Oxalic acid, 

cyclohexyl hexyl 

ester 

- - - - - - 0.2520 

17 Nonane, 2,2,3-

trimethyl 

- - 1.160

0 

- - - - 

18 2-Propynal - - 0.015

9 

- - - - 

19 1-Pentanol, 4-

methyl 

- - 0.016

1 

- - - - 

20 Cyclobutanecarbox

ylic acid, 2-

propenyl ester 

- - 0.348

0 

0.158

0 

- 0.390

0 

- 

21 Butane, 1-chloro - - 0.018

7 

- - - - 

22 (Trimethylsilyl)ace

tylene 

- - 0.013

8 

- - - - 

23 1-Hexene, 4-

methyl 

- - - 0.606

0 

0.624

0 

0.225

0 

- 

24 Trimethylaluminu

m 

- - - 0.000

3 

- - - 

25 Thiopivalic acid - - - 0.052

7 

- - 0.0640 

26 6-Heptene-2,4-diol - - - 0.036 - - - 
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1 

27 Hexanoic acid, 2-

oxo-, methyl ester 

- - - 0.008

5 

0.018

2 

- 0.0090 

28 2-Pentanone, 5,5‟-

oxybis 

- - - 0.060

6 

- - - 

29 Cyclopropane, 2-

bromo-1,1,3-

trimethyl 

- - - 0.343

0 

0.386

0 

- - 

30 5-Nonanone - - - 0.018

1 

- - - 

31 Decane, 2,2,3-

trimethyl 

- - - - 0.313

0 

- - 

32 4,8-

Dioxatricyclo[5.1.0

.0(3,5)]octane, 1-

methyl-5-(1-

methylethyl) 

- - - - 0.000

8 

- - 

33 Cyclopropanecarbo

xylic acid, but-3-

yn-2-yl ester 

- - - - 0.004

8 

- - 

34 2-Pentanol, 5-

methoxy-2-methyl 

- - - - 0.080

5 

- - 

35 S-Methyl 3-

methylbutanethioat

e 

- - - - 0.040

8 

- - 

36 Hexane, 1-(3-

butenyloxy) 

- - - - 0.046

1 

- - 

37 1-Penten-3-ol - - - - 0.010

7 

- - 

38 Butyric acid, 2,2- - - - - 0.024 - - 
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dimethyl-, vinyl 

ester 

7 

39 2,6-Octadiene, 2,4-

dimethyl 

- - - - 0.636

0 

- - 

40 6,6-Dimethyl-1,3-

heptadien-5-ol 

- - - - 0.094

3 

- - 

41 Ethanone, 1-

cyclobutyl 

- - - - 0.028

3 

- - 

42 Vinyldimethyl(hyd

roxymethyl)silane 

- - - - - 0.017

2 

- 

43 Pentanal, 2,2-

dimethyl 

- - - - - 0.021

5 

- 

44 1-Propen-2-ol, 

formate 

- - - - - 0.005

9 

- 

45 2-Methylheptanoic 

acid 

- - - - - 0.003

5 

- 

46 Propane, 2-methyl-

2-nitro- 

- - - - - - 0.0404 

47 Azetidine - - - - - - 0.0458 

48 1-Heptene, 3-

methoxy 

- - - - - - 0.0042 
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4.4      Water quality test by using Inductive Couple Plasma (ICP) 

Table 4.4: Concentration of heavy metals in hydrosols 

Elements Concentration (ppm) 

Time of 

extraction 

process 

12 

hours 

18 

hours 

24 

hours 

30 

hours 

36 

hours 

42 

hours 

48 

hours 

Arsenic (As) -0.0070 -0.0080 -0.0090 -0.0080 -0.0080 -0.3500 0.0005 

Magnesium (Mg) -0.0030 0.0030 -0.0001 0.0004 0.0060 0.1150 0.0070 

Ferum (Fe) 0.0020 0.0020 0.0020 0.0010 0.0022 0.0020 0.0020 

Zinc (zn) 0.0010 -0.0004 -0.0005 -0.0006 -0.0007 0.1200 0.0042 

Lead (Pb) 0.0010 0.0020 0.0020 0.0005 0.0004 0.0340 0.0001 

Cadmium (Cd) -0.0006 -0.0006 -0.0005 -0.0006 -0.0005 -0.0100 -0.0006 

 

Base on the results in table above, the concentration values of the heavy metals 

for all samples were very small value including negative values. Hence, it can be 

concluded that there were no presence of heavy metals in the hydrosols. So, the hydrosols 

were safe to be use in daily life and also as medical treatment. 
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CHAPTER 5  

CONCLUSION AND RECOMMENDATIONS 

 

As a conclusion, the aim of this work which was the characterization of 

Agarwood distil water had been successful achieved at different time interval by using 

three analysis which were Fourier Transforms Infrared (FTIR) analysis, gas 

chromatographic-mass spectrometer (GC-MS) and Inductive Couple Plasma (ICP) . From 

FTIR analysis, the active functional groups of hydrosol that were found in this study were 

including O-H bond of hydrogen bonded alcohol or phenol, alkyne C≡C-C stretch, C-C 

bond of aromatic ring and also the presence of H-O-H bond from water. This work has 

revealed that the hydrosols from Aquilaria malaccensis consist of phenolic compounds. 

This was according to the presence of alcohol or phenols group in the Fourier Transforms 

Infrared (FTIR) analysis. The different extraction process time did not affect the pattern 

of FTIR spectrum. Next, by using gas chromatographic-mass spectrometer (GC-MS), we 

had successful identified about 48 total of chemical components in all samples of 

Agarwood distil water and the main compound that was found was 1,2,4,5-Tetrazine, 1,4-

diethylhexahydro because it contained in almost samples. This compound is used in the 

treatment of diarrhoea and worm infections, and also used to treat the involuntary 

movements (chorea) of Huntington‟s disease or progressive brain disorder that causes 

uncontrolled movements, emotional problems, and loss of thinking ability. Lastly, we 

could observed that there were very small amount of concentrations of metals in the 

hydrosols and some were in negative values after testing them using Inductive Couple 

Plasma (ICP). It was considered that there were no any presence of metals in the 

Agarwood distils water. Hence, the Agarwood distil water were safe to be drink and 

could be used as the treatment. The recommendations should be conducted was to handle 

the solvent extraction carefully and use the suitable ratio of water to hexane. 

 

 

 

https://www.1mg.com/diseases/diarrhoea-49
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