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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.


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



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 RM 10,000 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



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

3



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°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.



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.

(D)

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)



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.



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.

Condenser

Steam inlet Coolant outlet
Controller
LT Steam outlet
— - ___\-7 A TTTTT T E -

—— R

|
Gas inlet T .
= L (—P} Coolant inlet
i AN

Extractor T Essential oil P—
- <] | _‘\I exit Fg—
Recycle ' o
. Fraara e
pipe
/
TN N
LPG i o e s M (W W
] CT) _}\___{_.I( ooling tower—— 7~ 4 |
| Pump Pump
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Balance Gas stove Separator

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



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° 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).



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%), a-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

Chemical Structure

Molecular Weight (g/mol)

Compound
Agarospirol 222.366
Jinkohol 222.366
OMe
Jinkohol-eremol 222.366
I CH HaC CH
Kusenol ® ® 472.527
OH
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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

) Ceremonies of religious, homes, meditation and
Incense production ]
rituals.

_ For perfume, products of toiletry like shampoo and
Gaharu oil
soap.

Chinese, Ayurvedic and other Asian traditional
Wood ) .
Asian medicine.
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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)
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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.
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Figure 2.5: GC-MS Schematic Diagram (Magbool 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°C to 400°C but sometimes the temperature can stand at low which is

about -25°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.
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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™ March 2018. About 40ml of gaharu
distil water was collected in a bottle every 6 hours which is until 6am of 16™
March 2018. The hydrodistillation process cannot be exceeding the temperature
of 120°C to avoid the plant material from burning. The temperature of this

extraction process is constant about 100°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 3.4: 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

.;’,l’l’i

:

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™ 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).
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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™ March 2018. About 40ml of hydrosol was
collected in each bottle every 6 hours which is until 6am of 16" 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 wusing 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, 45, 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™) group frequency was present in all sample of hydrosols which at different time
extraction process with frequency of 3309.49 cm™, 3309.67 cm™, 3309.02 cm™, 3309.68
cm™, 3309.74 cm™, 3308.97 cm™ and 3308.68 cm™ 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™) group frequency was identified in all
samples of hydrosols with frequency 2101.49 cm™, 2155.24cm™, 2116.73cm™, 2134.91
cm™®, 2116.25cm™, 2067.66cm™ and 2115.13cm™ 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™. 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™) group frequency was also present in all
samples of hydrosols at frequency of 1636.49 cm™, 1636.36 cm™, 1636.44 cm™, 1636.36
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cm?, 1636.40 cm™, 1636.50 cm™ and 1636.45 cm™ 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™) group frequency
was identified in all samples of hydrosols with frequency at 1497.69 cm™, 1497.90 cm™,
1497.95 cm™, 1497.88 cm™, 1497.90 cm™, 1497.98 cm™ and 1498.07 cm™ 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™)
O-H Alcohol/Phenol 3600-3200
In ring C-C stretches Aromatic Ring | 1500-1400
Alkane
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.
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Figure 4.3: FTIR Spectrum for Agarwood distil water after 12 hours extraction process
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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
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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
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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 Wavenumber (cm™)

(bands)

Time of
) 12 18 24 30 36 42 48

extraction
hours hours hours hours hours hours hours

process

-OH
3309.49 | 3309.67 | 3309.02 | 3309.68 | 3309.74 | 3308.97 | 3308.68

stretch

cC=C-C
2101.49 | 2155.24 | 2116.73 | 213491 | 2116.25 | 2067.66 | 2115.13

stretch

H-O-H
1636.49 | 1636.36 | 1636.44 | 1636.36 | 1636.40 | 1636.50 | 1636.45

water

C-C
aromatic | 1497.69 | 1497.90 | 1497.95 | 1497.88 | 1497.90 | 1497.98 | 1498.07

stretching

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 CgH16N4 with molecular weight of
144.21804 g/mol. This compound is used in the treatment of diarrheaand 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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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

Pentane, 3-ethyl-
2,2-dimethyl

0.2120

0.369
0

2-Octanol, 8,8-
dimethoxy-2,6-
dimethyl

0.0466

1,24 5-Tetrazine,
1,4-
diethylhexahydro

0.0459

0.061

0.096

0.066

0.1140

Allyldimethyl(viny

I)silane

0.0057

0.0352

0.028

0.007

0.005

0.0146

2,2-
Dimethylpropanoic
anhydride

0.0046

3H-1,2,4-Triazol-
3-one, 1,2-dihydro

0.0056

0.0058

0.010

0.005

0.0098

Oxalic acid,
cyclohexyl propyl

ester

0.1760

Oxalic acid, butyl

cyclobutyl ester

0.0213

2-Isopropyl-3-

vinyloxirane

0.6600

0.257

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- 0.0029 - - - - -
hexadiene-3-ol

14 | Acetamide, N-(2- 0.0490 - - - - -
hydroxyethyl

15 | Silicon 0.0019 - - - - -
tetrafluoride

16 | Oxalic acid, - - - - - 0.2520
cyclohexyl hexyl
ester

17 | Nonane, 2,2,3- - 1.160 - - - -
trimethyl 0

18 | 2-Propynal - 0.015 - - - -

9

19 | 1-Pentanol, 4- - 0.016 - - - -
methyl 1

20 | Cyclobutanecarbox - 0.348 | 0.158 - 0.390 -
ylic acid, 2- 0 0 0
propenyl ester

21 | Butane, 1-chloro - 0.018 - - - -

7

22 | (Trimethylsilyl)ace - 0.013 - - - -
tylene 8

23 | 1-Hexene, 4- - - 0.606 | 0.624 | 0.225 -
methyl 0 0 0

24 | Trimethylaluminu - - 0.000 - - -
m 3

25 | Thiopivalic acid - - 0.052 - - 0.0640

7
26 | 6-Heptene-2,4-diol - - 0.036 - - -
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27 | Hexanoic acid, 2- 0.008 | 0.018 0.0090
0x0-, methyl ester 5 2

28 | 2-Pentanone, 5,5°- 0.060 - -
oxybis 6

29 | Cyclopropane, 2- 0.343 | 0.386 -
bromo-1,1,3- 0 0
trimethyl

30 | 5-Nonanone 0.018 - -

1

31 | Decane, 2,2,3- - 0.313 -
trimethyl 0

32 | 4,8- - 0.000 -
Dioxatricyclo[5.1.0 8
.0(3,5)]octane, 1-
methyl-5-(1-
methylethyl)

33 | Cyclopropanecarbo - 0.004 -
xylic acid, but-3- 8
yn-2-yl ester

34 | 2-Pentanol, 5- - 0.080 -
methoxy-2-methyl 5

35 | S-Methyl 3- - 0.040 -
methylbutanethioat 8
e

36 | Hexane, 1-(3- - 0.046 -
butenyloxy) 1

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

7
38 | Butyric acid, 2,2- - 0.024 -

41




dimethyl-, vinyl
ester

39

2,6-Octadiene, 2,4-
dimethyl

0.636

40

6,6-Dimethyl-1,3-
heptadien-5-ol

0.094

41

Ethanone, 1-

cyclobutyl

0.028

42

Vinyldimethyl(hyd
roxymethyl)silane

0.017

43

Pentanal, 2,2-

dimethyl

0.021

44

1-Propen-2-ol,

formate

0.005

45

2-Methylheptanoic
acid

0.003

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
] 12 18 24 30 36 42 48
extraction
hours hours hours hours hours hours hours
process
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.
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function which = giving the scere, pl odor e usigue erens
of agewood (Yo o of, 2014) Sesuilopese oually bax
pquhacl-u»-llap —l-m-u{l-n-lun Thoe e aboul
15 carbon o taat din the wnd also bave
mukifecciad pb Thex ™ cnly
ﬁ:n!u('ni.-ubdﬁ»c-nkinndn&xﬂu’h&gm-nl
ol Je. The = s bt 2 in
(hh-uvh:humm&e-mufﬂhnm
iskobuol, jinkobed 2 axad kv 2

<
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Table | Chemical Cissjrsimnds in Agarwiead (S Chamgka BL
Ml Vusell o ol 2017

BT
Chenecal [ b il Sicsrierr
Comgpaund
e e
Feskicbns] {_'—_'[:fjim
- L " &
nekobal | o 0T o 5_,1:5'; -
&
[ I .-.II:““ I o -I'”

The alpodies of the cumenl necanh Wi L idalily the
chisscionization of bydrossd o Slfzesl Eme isterel by wing
Fourier  Teassliess  Infraral  (FTIR)  spssdeescopy, e
Cirugle Flissa (IO

o MFTHODOLOGY

A Mareral and RetrueE
Agurwood of dgmiloris BalScceRdly apocicn Bal el in Les
shilj were obslaines] fom ssiunl jon of Fida K,
Felasten i Seplember 20017, dedillal waler, howme, Fourisr
Tramaforma Infreral (FTR) apectnoenpy (Pokn Bmer X000
specinmmeler (G0-MA) mde]
Virien T4I05 ca with e 450-0C #ith & Combs FAL
wutvsnpler Mross CTC Analyiiss, babictive Coupls Pl (ICP)
Speviroseler (ThernnFiher Seiesilie) wilk brand o susls] =
iCAF 6000 aerisn, | Lier of sepantion Fensel, Bydnod stlation
(exkaction facibisex), grnder, 50 ml of besbers, 50 ml of
mewerny cflnder, dropper, 2iml of pipetls, a5en il of 50 =l
falicatic Boilles, volemeinie Mk and vl crosus desr 12 5 32me.

8 Preporadon of Plow Makerials

Al 25 kg of deisd Agerwend were groend by ueng grisds

muchine. The lage Mink of Agrwonl W choppal inly the

wmaller sife Thea ia dine m order o oblsds the fectisim safce
I'Lrlhpn:.d-ﬂh-.tl.-—]lh}mpl.:m
[ET he e of A gprwond il the silwesl

. Hyorsdaniionos Mitkod

I thix  Lhes Dy ol e md el thal has bam @l @
Iryradestil P The bydnrsol Wi ofredal s
Aguizriz gp ol fEoely Thyscleswcs: Abst 35 kg deed
Agerwocd] W exbacie] by omnng exbaclion (eilitisa The
eperinml W nmn aslinioudy e £ b Before the B of

sl o Wi Liken, the o slem waa ledl for 15 rneles b
cpilbrus dalc I @ b e the prigcs of cilnetion wia
aimdiiclad e aable mdibis

By weng bypdnodeti Dl proces, (e slersl of plesl which =
fhh.lhllh:m]uﬂ:m-ﬁci-hh:ih]ﬂ T'h
e wan condiicied usder amiaphern 1
pr=xars. The eatir of solid-4o-waler = elly 150 i
mhmhhmdmdﬂd?mﬂ
Iz el asel will leave ibe bl suspession. [0will e conleroe,
cxillienien] sl ia scperaten] by wing decastslion. 11 will obleis mo

whach se cmeslial il snd the Bydnos] or ol sk,
Thes bydnzac] ia sctually containe] the continents of e cocslisl
inll

Hpdrebatillation wis condusal @ waniois Gme serting wih 12
hisers, 18 hotirs, 24 howrs, W) houn, 38 boers, 42 hor and &
himra by llod the ke il waler moa baille The exbnctiom
e W altal dﬁ-puuul#‘ﬂu:hxllﬂ..ﬁhdmur
ey diasl waler Wi collesiad m o Bboltle cvery 6 hoiira whick =
imlil Gas of 16 March MR The hydeebisillation pricss
carmed be ouosalisg the lemperaies of 1 i il the plast
romterd Friss. ing. The lempenilues of thia sxlncas prooso
i st alwsil | 1

Thirmny the didsladion jroci, the wapr hal oo of wolalile
cmnpruindy el dewn were rise by the coelesser Fom the
el where Pan phises of inenisshile Egpeid aee formad whach
e knivam il and erosstic walsr {hydeoal). The il
il Agariwcd i lighter thies o] wich ependel from the
Frjeirazini:] sl Bocalad el the lop ol (he scperaos fuanel, memnshile
e brpedpomcd in el below Lhe Gaharu oil. S0l of by wis
exillievaes] For every 6 houn i the 150wl of pleate: lstile in onder ke
wnlyis their chenmol profiling sl cvalisle the quality of
Iryebrumisl.

D Physiochensieal snudies of kydvasol

&hwhﬂ—ﬂhmﬂlpﬂ

I]:l:plh:l.l:l.lﬂ.l:l.l.!u'l Il:n: ] 2 oonder W chtien e
];l.i'llq_,ﬂ.:-:l.il.nll wre] wlucs
bi.-]:fll:-:lﬂ'gu]i::f he cherisal B i W

qﬂhqpmﬂ:_m{ﬂc
then For Binciwresl groep aleslificalion win wing Fourisr

1' - Infriral (FTIR} % saoopy. Momwhile for wasr
q;dil:p.hh:ﬁmfuq:l:ﬁmﬂﬂ"lm-ﬂbﬂhﬁ:ﬂhr
e weps e presmes of heaiy scialy or ml mick & Amenic
[As), Magnemiis (Mgl Foem (Fell T (Ea), Lol (Phl and
Cinlrus (Cd) ol warioiis prodedtiom lenjerabiots.

£ Charserrizanion of kedrosod by Foswler Fravsbms
Inghared (FTTR)
All bypdroach wers chancierizsl by FTIR apectomspsy (Fkin
Elres 2000 Model) b alenialy ihe stive Sinduoss] grougs Bl
preince s hpdnad, The FTIR shidy wan cariod ol by exisg the
Pikin Bl Sysles 2000 FTIR milnisent. Fadl, G eaisgarenl
Fell=ta (hin dine) were formal by meeing Smg of e sanple with
IIIIml;urFHnImh:l—k{EEr]ﬂ:ﬂ;l_Elmlu-ﬂ
| ender a o T woe. The smvivesiti
-.mprml‘..mnu:m-.:hph e SO0 i 40
ml-ﬂkmﬁnbﬂlhmﬂnhhmﬂ
wing FTIR siftwees Specdiius L0201 (Pekin Elner, b,
Wallhas, MAL Lidly, cmpeien bewes he soulenl
speciius wilk e dealend for calirdy fusdional i W
omdiiciad

£ Preparados of Sawple Hhadrosod i Hexane

Al Iml of bpdnias] of cash asees samplen of Bydrossl wes
filled up int the seves Jaforent beakers by usisg pipetic. Then, 10
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ml o heime we pipolied o csh boke el coslsinal
hrydhromsl. The sslubion wes shaking For 2 minules ko make s the
masduere wma welll eead. Aflier that, veaally oloerve the solation &
B win amy by Brmabom. The beo biyven weore lomeal whech
o beane iy amd bydeoesl Then, ol 1 =l of the houme
solule’s byver win emafored mio Be vial eosis clear 11 %
Ilmm by ueng deopper. Thee, e solubie wis esalyeal weing
CHC-MAR o analyer the chanical auestibesis i byl

(F Sy ofche msea compoissds by Ry Clramanograpley
Miyss Tromgler ((°-M5)

Hydrniomdl compiobion wa aludoes] by (HC-ME snalysi exizg a
Hewlatl Pachenl o chromstogreph (60 3800 couplad with &
e sl ective detociar (5972) (Howlell Padeand, Palo A, 175487
Sepuraiiin ol the oalyies by gos chrmmaograply wis comal ol
ieing @ xilica capiley coluss (30 m lengh, 025 men disscier,
0L25 s film thidese) off HP-5ME (Howlal Padund| Soporaian
o the cenprainds iwvilved mjockos of | Dal -:-!'I:l'n:h:uhulﬂ:nh
B Fronl inkedl ol the L‘In-l.mn.qui'l il 250FC in he
aplillom mode ']'h:lmwi.l:-:l!' camicr g, beliem, w110
mlfmen with & 150 splil ralia. The oven progres conenenoed
BT, whene il wis held Bor T mus anad then eaoicae] @l @ meke ol
10MZF min by 350PC, whene it wis held for 10 men. The inberface
iemperalere wen J5C. Jonicaom of the sulyle by doctnn
it (I s ohisenad usng an oz aerenl of 70 &Y. The
ion e emporaiee win e ol I50°C sl the wsn sope w s
from 31w 50 ey The componds were chersclerzeal by
database malcheng aml comperson of her MI oo wilk
eztling dala i the Wilsy azd Adess Elwery seench dals.

M. Warer gualine resr Bv beaey meral by weing dadeoshee
Couple Plorma (PP

The Agarwosd didil waler was usdergn hewvy metal ol whech
were amulysal by wing Inductive Couple Flesma (ICF) aysiem
[ThemmuFmhe Scestific) with brand of sxxle] @ (CAF 6000
mricn Thia el wan cimdedod b mebe ars whoba hoc wa
premml ol hervy el or il in the Agerwood il waler. We
sl ks s thal the reulbs e pol conlanizg wry boavy melals
i [his bydnso] bocaies theoe clomenls can s @ riak by hermn
halth & Lhey e thia bydnoscl.

I EESULTS AND DIRCIISEION

A Hydrodimillaton Eerocsor

By esisy hpdebaillation mohald, fe 25 by dricd A gerwos
oould gave shou | hie of Agereos] dail wels o kaoes o
brydromsl. This extrection proce of hydnonod wes fen

et 48 hus Howevs, i s slely, Be bydwowls see
coliecied &l wanicin bme of cdraclion prooca swing with 12
by, 1R hoiirs, 24 hows, W houn, 38 boos, 42 o and 8
T ey eedlecting Byibussls in the bullise The edrsction prises
mi.n'l:dll:ilp'nlnl-l-"?h:'hlﬂ'lﬁ Abanil $0ml off hpdros
wm culindal m cach Bullle svery 6 houm whech w0 enil Sem ol
16 Dbk WR The mmmples of hydeoscl kive bom asllacial
ahoet 7 buitles wilk Effoml Eme of extnclion prooca. Al
sxssples wers dlew in oolor s noreal waler. A1 thewe senples
were srmlyend by wang Fourer Trordism Infeead (FTIR), (s

Chnremalograpiy - Speciropholimetsr (GC-MT) mnd Inductive
Corugzle Flasma {ICF L

& Charserrizanon of kdroasd by Foarder Traeibems

Mfrared (FTTRY
All the =ven ul hpdeosols wers charscioniond by wang
FTIE. By exing FTIR azalyua, the charsctorise of the aorplion

it mich i soope sl kocation off bydrosshs chemical costenits or
e fusctional g coull be dlemisfel  Aluel o fow dugs of

each mmngle of bydnossls wers el during FTIR snalysis The
mfarad apecin of all he mmpls of hydmsols wos ke and
clusiad All the id sl prownl oo chenges of
pesicn i Agurwocd distil waler ol veriow olnecdsm peoocs
Fipursa I {a-gli show the TR apoctrum of all the mesphen by deoonds
et weere ol eciod respectecly.

Ease on the resull, OUH band of hydmogen Borsles] skl o
phemil (3&00-3X00 em-1) proup fregquency Wi prosenl i all
sz ol hydevends which o diflferenl Ene exeaction prsoc with
fregumcy of 130949 am-1, 120067 am-1, 309002 an-1, 130068
an-l, 330974 am-1, BE9T7 an-1 ol I an-| aopectiecly.
A broal spocines @ be deiodal fom the Sgeros boow thal
denode ihe avuilalelity O-H bomel This & the oy imporian] parl
|n.-.=|h:rr::n::a!'ﬂ-ﬁhndnb:i:-lh:n:i::n:ur
phesili: compoimd i e hydeosod. Thes Endng wis coesideral
mwealel bevmiee o wi sime o proposod by Kkalil = al | (30 3)
where ihey bal idemtificd the presmes of slohel or phenl
fusctional group in & garwoond or bydnoml

Then, (ke bund & el il m alkecs nocsbie Lo the
carben-carbon Fiple bnd aleyne CRCAC strech (21602100
el ) groeg (regpemney wan idenlifiad in @l senples of hydeoscds
wilk 20149 em-l, I155Ddem-l, 211673an-l.
N emel, TIIEMSemel, 10T ASemel and 115 13an-1

Thers wis very Bllke oogamic compuiinshs show'
sloarption = tes reggion. Al ke lrequencies dlustrale onow sherp
wrnl sweak bard @ eroend 21000 en-1. The bl wis sl bocase
ol e triggle Tmdl tha! s nal very plar. [nocorlain ceses, ek o
fir b highly symmctral allcyney, il stight ool represst o ol
b iof e polarity of the rple bosd wis ow lnkeal wih o
albynes

e, '|"|-|.'H'| b {1540-180kom- 1] group Eregpacscy wi abes
lew of ydhromols il Mrequency of A543 an-1,

n]-ﬁ’lé- :rn-l EREAE -], 1EIAES om-l, 1S3E40 an-l,
185 on-l md 1836AS on-l ropoctively, Al Be sssplcs
oumlaingy] H-O-H bond fnom waler mnce the Ageraond bydnoss]
il = & lomogmon e of wels md  Agerwood
scnpuilerpenanls. From s evidence, il = oxpodel thal el ihess
smmslies ol brydivomols have majority of & gerwosd ssaquilopencab

Lasi bt rool lemat, C-C el oo mvememtie rimgy {15000 146000 -1
oy Mregueney wes alestifien] is ol serples of hpdeossls with
fregeency o 4750 a1, 149700 am-1, 199795 an-l, 1497.6E
c-l, 9T W em- 1, 1497 98 an-1 el 199807 an-| aopactiecly.
Thes wromatic rng wis synonym wilh the charsclermitic of kydnos]
et gave oidl the dodinctive Agerwosd mome Table I osbews the
fusctional groupm of ydrosols thal chiseal from this sty

Table ¥ Fenctioml grougs of byl fos dgisne

moccenair

Group band (em B

Alkines -4
CoC-C Sereich Allyne B2 110
H-0-H Alkemc [
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Fipes 2 (- shotw e plits o FTIR for Agarvwecsd deati] wiler that buics b exbrie] el vt lins or espoalae

" =

, ., "

Flg.X: FTIR Sysociriion o A gerdos] SaEl waler (i) For 12 Bowrs aalredan precesa, (E) For IR hesies edraction prissia, (2} For 24 boars
extractis e, () For 30 hours extction prioce, () For 36 houn extrection prooces, (1) For 42 bt exlredios prooe, () For 48

beivrn il priviesa

Tahiel shows the ey of chesderidic poden basus o8 FTIR speeen lie ol the morple bydnewls o variows lisse of selmdion

1407 50

A wconclimion, il waa fnd Bal dl senple ol hpdeecls fnim
Ve i lime v lesmperaleoe coesids (e dloohol o
phemols Nmctional grou ke sere very scful = onler b prives
B presesee of phmole cosspoersls nmle he bpdossh Thes,
e presmos of HOWH bind (bom wilsr smoe the A gl
Frydirvemc| ibnell o m beeormsgereeacs mreshire of walsr erel Agaewcil
scwguilerpenmda. Meql, the presmce of C-0 boned ol ansatic ring
i eery impporbnl beesuee Thal enesslic risg gave Lhe pleas
sl of hydnoel Boddes, the patass of FTIR spoctrus for sl
i smepliy weve quile sinsler mwhick e enkes pocivem did el
shard imgnilicance chinge of poikia Be, o meass Lhil he dilfenmnl
time of edractlion proces o diffenal peodistion lemporilens dal
e alfiod the pattern of FTIR spectien bociiee all of the senple
Frydiremily Rasl alescenl smrve: Penobiosal gproupes. The spectien of sl
sasmgles of Agarseil lpdroscls wers rendal sl mnge of 4000 -
&0 el e infrored il 4 o=l renlibon (FTIR
de]: Messlel Avaler TN DITOS)

Charmcterisndon q"hyu!mu.!.!l;.- (s Chromatagraplne
J.-lu.i.i]'rm.;&rﬂ"
OCME v ial ke deotect the chenpeal coslents in pdeosel
Bcslly, sll of the Agerwocs]l wove cossples misbires of
. o I . — .
mﬂﬁﬁﬁ%mﬂifq-ﬁw & b
lf:u]lﬁni'bn:]ut“ﬂu.n:uh:d:dﬂmuurpmﬂ
Agrwical should be alendial by compurmg The mss o

it with the S&ling Wiksy libeary sl reforeni: librey apockal
it (Wior Acihy WA of al |, TO0&)

In thia sy, seven Bydnach sregla off dilferssl line proccs
edrpctes were idenlifiadl by OGC-ME sulysia  The chemicsl
commpusiinds thal wers deledia] ;o (ha Bydeool By OC-ME
imsruscst wore & in Lot s Bl i whie 4.3, Aooenkng b the
resll, il wre fisend et e chesicsl cemgrment thal W presenl
i arel dnpla Wi 1.245-Tamene, |4-liclythouhids
Thea showe Bt 1,24 5-Tetrene, | 4-deiby lhewaksydng win the
maen iipoiuks el is hpdeoosl sl J¥fercsl line inkeval.
1.2 4 5-Tetrwene, | d-dicikyThoush Tiarrraka s O H, M, with
mh:.th:u-:idinfl#i'lﬂ:i- Thin conpiisl = il =
e treatrmenl of dierhoos s worm infoctire, e ale usal W
breal the mvilsstery muvancels (chirs) of Hunnpln's ks
ix progpremive lruis Ssonler Bl casses enconivolle] sireenmenky
vl probicn, asel ks of enking alality.

From Lhe reaulls, of imbcalon Bl Beive were e dilliocmeds
el Vistilties is the chemiial cormpoelion of byl & dilferenl
ime Acmnlisg W Juesl Ponpovepsl ef of, 20100 e
Bl ediradne procem Eme will dfosl on the chemicsl
ik of Epdeeond The bogher nember of cheosscal
commpunents sheeld be rmnll 6l nger odrite Gme So, (ks
ﬂdymmumﬁ:ru]whlmpmpldd
(2001 bomme he rouls showod e Efoomen of chesgical
cimicsdy in Al sesplies ) dilferonl production line. Measwhile, fir
L33 he of chemszal 1, e resied | aheten] Lhat the
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mmber of chermal oampeent in bydmes wim Dorcees] fom
ey 17 enel howr 35 which wee fom B o 15 of chemies]
eommjumenta Then il wis decrscnd o boer £ md boe & The
dozeaxng in senbor of chermical cosgaments moass et thas
wn sorncthing wioeg bocasse o shiuld be (e bigha susther of

This fuikure e by e oo o oo
wnghhhhnmuﬁ
eondiusiad before ihe snalyua of GCMS wis done. The recan o
emductng this selvenl cilradion o bocasse of he sassple of
B Byidrvoms] wois waater hasad mrhition, = hal il daoeld undag
e sl venl itraction whick wi by exisg the heune i wilvesl

Talde 4. C.

= onder ko gEes @ boiler scemibivily for the GCMS loal Il =
saiber buices soliibion and il eleo bl o jaslcslial o i the dormgs
of coluss [ dhoull isjedd the cabmdn] senple in e GCME
I i ooeld nol deterd the chemicl comgpanent rom the walor
Tl el 1. N maight i ol e milis of serple ko hexane were md
smlabie The midio of lex howme kel win wed T s
w110 b might be molvenl ooilld nol oxbed the ioe m
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0. Warer guality resr by wiing Inductive Couple Plasma
ICP)

By ueng ladactive Cosple Flasns (ICP), e rewall wis obtsinad
w shows s labie 5

Table §: Comceztration Values of The Metake
Flemients

Arsenic (Ax)

Asooent (mgl)

)l-!d—_ﬂlll

Ferum (Fe)

n-u_-n

Lead (Ph)

CEEEEE

Cadslum (Cd)

Boe oo Be rouks @ Wbie sbove, fie coscastntion valucs of the
oetals (Ax, Mg, Fe, Zn, Pb md Cd) for ol sanples could not be
detodied. Hence, il can be conclulad that there wes 20 prosesce of
howvy metals @ the bydosol. So, fe bydrosols were safe W be
we i daly life sad e o modscal treatrnest

IV. Comciusson
Ax 3 ocomducos, the mm of s work wWhich wa e
cheescierization of Agewoond &l wasr hed bom sscccndil
scireved of Sfroet lime intorvel by weng Groo walyss which
wor Forie Toeofome Infrecd (FTIR) smlyss, g
oo, (GCMS) ead  Inducty

wmdmmu“nndhaw
{Adadctner 4148

Jusey Alam, MM. HSLhwded
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Iad St M3y TRRK
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N ke Ubarpem N Mosmsadar 1.1 M A Aned loge M,
Surm Alcer and Rafiqeal Iden M (200%). Saaty of Fffoce
of Cocanes cordinla (liza) Coge Lead Socract on
cama Vorgox Savgladesh foamol of Sclewifc And ledeoricl
Pasearch, 21520
Nobanst ., Woog, M.T. and Madie, & (015, Microscope
Ubscrveton of Cabaru Waood from 4 guilarie malaccmts FMorusthe
Journal Treploo! Agricuiseal Schonce, 4350
Nodamrns Horwan I, Addima MY, Masfalra CN Dumra ZA
and Hebarodtiz | (135) Opnxssation and Ketic Sty of
O (O Poorectioe. World dcadesw of Science. Kngioeering and
X
Nor Axab MA, Chang Y5, MuSra J, Abc Saxd A |, Add Magd J
Saxatel Theow S, Nor MHassds Il and Nik Yamn Y. (200K)
Corpunson Of Chemscal Pofiles OF Scloctad (s (il Froes
ummquwm

1oy

Erghac-auee
Cotgple Plaesa (ICP) . From FTIR snalyss, the active Sunctosal
o(by&udhuucfwd-lh-m:hmndulqo-
Hbandnfby:lnp dod soabal or phed, skyne C=CC
-ﬁC(baddcmmgddmhpde—O-H
boad from waler. This work T gl the Ge Bydmsols froes
Aqubu Y il of phenels pounds Thix we
o Be of wochd or pheols m the
Feutier Transforms Infrerad (FTIR) ssalysia The difforent
mmmﬁmd&hmdmm
Neat, by uxng gos cb (GC-MS)
nhdmudduhlﬁd“lﬁluﬂdd_ndw

1] M et M K (2012) VEsbsncorsent of Hasestal O

nwnmw—wum«-
World Acodey of & A and

rmqumdwm
Masorials and Sagreang

[12) Ser Chorspaia 1% Mohd Yusol, Salvuh Mooss, Nadirs Kamaradn,
Forah All, Mobd. Jan It Usmun and Hobacah Aberad. (2012)
ISocts Of (mweva imadisson On Spert (hdmru Wﬂi Dvant
Fallowing (4 Dutdlation As Amabysed 1y «
hu-wy(x-)bl(hl Py - Nam
QOO Juwc*-admhmd
Makzvgic MO,

|luhhlmhm“mﬂhlﬁ‘
{mo ud e a)ll) Charecal  Consttooshe

I Rl

i ol sssrples of Agarwood dotil waler snd the sais
G win found wm 1245.-Tetrwrine, IM\M
bocesse il ccataned 21 almodt serpies. This composnd is wed
B trestmend of Eaevhocs nd wors mfotons, snd abo wal
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Result by Using ICP Analysis
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APPENDIX C

Results by Using GC-MS Analysis
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