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Abstract

Agarwood essential oil has a unique aroma and is well known in the Arab countries
due to its value and price. Due to its high price, it has been developed into various grades.
Basically, in order to investigate the adulterants and characteristics of authentic agarwood
oil, gas chromatography or gas chromatography-mass spectrometry are used to classify its
volatile compounds which is slightly complicated and time consuming. However, thin-layer
chromatography (TLC) was modified in stationary phase with silver nitrate to increase the
polarity of the stationary phase to successfully classify the unsaturated complex compounds
of agarwood oils. This report aims to find the most optimum procedure under suitable
conditions which are 0.5% AgNO, (w/v) with 80:20 ratio (methanol:milli-Q), then immersed
the TLC plate in solution for 10 minutes and took in the oven at 110°C for 15 minutes. To
separate the same genus from different procedures. Gas chromatography-mass
spectrometry was shown that silver nitrate gave a difference in the compound selectivity.
Lastly, Color intensity was to identify as a potential application as can identify a fingerprint
of further essential oils.
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Chapter 1
Introduction

1.1 Introduction to the research problem

Agarwood essential oil is one of the most popular essential oils worldwide especially
in the Arab culture.! Due to their unique aroma fragrance, it is well-known to be used in
hinduism culture and the perfume industry. Currently, the demand is very high which causes
authentic essential oil price tags to be very expensive.? Since authentic essential oils were
expensive and currently there is an outbreak of adulterants and fake synthetic essential oil
in the market. Furthermore, Agarwood essential oils that come from different origins or it is
an altered species will result in distinct properties which are hard to distinguish and verify.?
Likewise, Agarwood essential oils have various ways to be produced by both local villagers
and corporations which have different equipment and standard. Normally, Agarwood is sold
as raw material in a form of solid wood. The lower quality woodchip, unqualified grades, and
wood dust were refined into essential oils through the distillation process both by local
producers and industrial corporations.*> According to various sources and production
methods without globalized standards, the agarwood quality is subjective depending on
their sourcing countries and production lines.® On the other hand, local farmers usually use
their axe, hammer, saw, and other equipment to chop, nail or hold into an agarwood tree
which intends to create damage and start the process of healing to collect the resin which
shows that the quality can be various. Nonetheless, all of these basic methods are more
time consuming and receive insufficient yield.” In conclusion, although the essential oil
came from the same origin and it is the same species but, its properties might be modified in
the production process which affects the way each species or origins to be characterized
from others.®

To establish essential oil effective inspection methods one of most common
techniques used to analyze the volatile organic compounds and properties are gas
chromatography (GC) and gas chromatography/mass spectrometry (GC-MS).” However, GC
technique still required a lot of steps to perform and needed time to operate.'® On the other
hand, thin layer chromatography (TLC) technique which is convenient and easier to perform.
It is an alternative to use as a separation technique.'*? Mostly, the sorbents which used in
thin layer chromatography technique include particle size of 12-pm silica gel, impregnated
silica gel, chemical-bonded silica gel, alumina, mineral oxides, polyamide, polymeric ion
exchange, and chiral phase.® However, using a normal silica gel in the thin layer
chromatography technique still contains some of the limitations of the separation due to
the polarity of silica gel. On the surface of hydrate silica gel could consist of three kinds of
silanol groups (free silanol, geminal, and associated silanol). The non hydrogen-bonded free
silanol contains highly acidic nature and can be destructive binding of basic solutes or can
be said to be silica gel that contains a higher concentrate free and highly acidic silanols
generally shows increase in retention and broadening peak tailing for basic compounds.'* To
improve the selectivity of silica gel using thin layer chromatography technique, the silica gel
were impregnated with metals ions to change the polarity and tune the selectivity toward
components in the agarwood oil. In this experiment, there are three metals that were
examined including silver nitrate, nickel sulfate, and copper sulfate to determine their
abilities to tune the separation of sesquiterpenes which is the main component of agarwood
oil.



1.2 Research objectives

This research aims to develop and perform qualitative analysis by modification
stationary phase of thin layer chromatography (TLC) silica gel plate impregnated with silver
nitrate.

1.3 Literature review

1.3.1 Agarwood Genus

There are two well-known families of plants which are Aquilaria and Gyrinops
which belong to the subfamily Aquilarioideae.’ Both of them have similar properties but the
number of stamens are different, while Gyrinops has five stamens and Aquilaria has about
eight to twelve stamens.™ The Aquilaria genus consist of four main species including
Sinensis, Malaccensis, Crassna, and Subintegra.'® Four of its stamens were known to be used
for agarwood production.'” In addition, Malaccensis and Subintega were mostly found in
Thailand.

1.3.2 Volatile compounds identified in Agarwood essential oils and extracts
Agarwood essential oils and extracts are very complex compounds. Major
components in Agarwood essential oils are:

(1) Sesquiterpenes
Sesquiterpenes are a class of terpene that consists of three isoprene units.
There are various types of sesquiterpenes which can be divided depending on its molecular
skeletons such as agarofuran, agarospirane and candinane (Figure 1.1- Figure 1.3)."®

Figure 1.1: The structures of Agarofuran®®



Figure 1.2: The structures of Agarospirane®®

Figure 1.3: The structures of Candinane!®

(2) Chromones

Chromones is a derivative of benzopyran with a substituted keto group on the
pyran ring which is only found in a few plant species including in agarwoods. The main
characteristic component of agarwood is 2-(2-phenylethyl)chromone derivative. In addition,
chromones can be divided by its molecular skeleton into®®:

(1) 2-(2-phenylethyl)chromones (Figure 1.4)

(2) 5,6,7,8- tetrahydro-2-(2-phenylethyl)chromones

(3) Diepoxy-tetrahydro-2- (2-phenylethyl)chromones

(4) Associated chromones



Figure 1.4: The structure of 2-(2-phenylethyl)chromone
1.3.3 Agarwood oil formation

1.3.3.1 Natural method
Oleoresin components in agarwood wood resins are very hard to
produce and consume a lot of time. In nature, the wood does not contain oleoresin. The
production process of oleoresin would start from harming or wounding a part of the
aquilaria tree then letting the tree heal itself. However, this method cannot support the
market demand.?’

1.3.3.2 Fungi injection method
The fungi injection method (FI) was started by drilling some holes
around the Agarwood tree then slowly injecting fungi solution (FI) into the hole using a wash
bottle. However, this method result was unsatisfactory since the performance is lower than
the AIMA method and the resin yield is barely recovered.*

1.3.4 Agarwood oil extraction

1.3.4.1 Hydro-distillation method

One of the traditional methods used to extract essential oils is
hydro-distillation. Agarwood was grinded into powder and stored at room temperature, and
immersed in distilled water followed by assembling the all-glass Clevenger-type distillation
apparatus and performing hydrodistillation between 30-35°C at flow rate of 3-10 mL per
minutes. Then the volatile essential oils were retrieved before weighted and stored inside
the refrigerator. However, this method required complex scientific equipment to perform
and have negative effect such as heat-induced degradation.>*

1.3.4.2 Steam-distillation method
An alternative method is by using steam from a boiler to distill the
essential oils. In this method, Agarwood chips were placed in a boiler unit on the overhead
inlet. Then, the steam passed through the chips and carried out the essential oil.
Nonetheless, steam distillation still has some downside such as vapor pressure issues and
when flow rates are high the degradation could occur.?

1.3.4.3 Vacuum distillation
While the pressure decreases the boiling point also decreases. Some
material with high boiling point properties might cause a problem while researchers intend
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to perform an extraction. It would be more effective to reduce the atmospheric pressure
rather than increase the temperature to prevent deterioration.?

Figure 1.5: Collecting the extracted agarwood oil (Lao agar, 2017)
1.3.5 Grading of Agarwood

1.3.5.1 Appearance

Agarwood can be classified into three main categories depending on
the raw material color. Three main categories consist of “Grade A”, “Grade B”, and “Black
Magic Wood” (BMW). The darker Agarwood is regarded to contain more oleoresin and
bespeak from older trees and vise versa.” The BMW is impregnated wood immersed with
petroleum-based oil which generates the darker color on the wood ! Nowadays, BMW has
become an alternative choice for ordinary buyers in the society. However, agarwood could
be difficult to assess with only its physical appearance.®

Figure 1.6: Different type of agarwood pieces (a) Grade A; (b) Grade B; and (c) Black Magic
Wood (BMW) ¢

1.3.5.2 Parts of wood

Each segment of wood contains different properties and can be used to
distinguish the agarwood grade and value. The piece that contains a higher amount of resin
such as the root will be considered more valuable than the part that has less resin.? There is
a technique called a sinking test by which wood pieces will be dropped into the water and
observed whether the wood sinks or not. If the pieces sink, it can be predicted that the wood
contains high resin and assume that it is the finest product. Nonetheless, if the wood were to
float, it will be considered as the underlying product and the value will be lower, although
this method is easier to exploit using heavier metal inside the wood.®



1.3.5.3 Aroma Scent
Their unique aroma is another property which is favored to determine
the value and quality of the Agarwood. The piece of Agarwood can be burned and the aroma
fume could be inhaled. However, this method is not consistent because different people
have their own perception towards the scent.® The elite grade of Agarwood oils hold distinct
odor and some essential oils can be kept for some time before delivering into the market to
increase the intensity of their aroma scent.!

1.3.5.4 Sourcing Countries
Each country may have its own grading of agarwood due to there being
no international system grading in agarwood. In Southeast Asia, there are two countries that
have their own grading system: (1) Malaysia and (2) Indonesia

(1)  Malaysia
Malaysia market had grading agarwood depending on their physical
appearance based on the ABC system as Table 1. In addition, The Malaysian Timber Industry
Board (MTIB) is offering a classification system by classifying agarwood products in relation
to their end usage as Table 2.6

Table 1: Agarwood grades in Malaysia®



Table 2: Agarwood classification based on end products in Malaysia®

(2) Indonesia
The National Indonesian Standard (SNI) proposed a grading system
based on physical appearances such as color, size, contamination of wood, density, and
burned aroma of agarwood (Table 3).°

Table 3: Agarwood grades in Indonesia®

1.3.6 Silver-ion

Silver ion chromatography was used in two techniques which are thin-layer
chromatography (TLC) and column chromatography. Silver ion chromatography is based on
the ability of Ag* to form the weak and reversible charge-transfer complex with unsaturated
organic compounds.?? in this instance terpene. Impregnated silver nitrate on silica gel was
reported by Lindsay Morris. Moreover, double bonds are one of the common functional
groups in organic compounds and silver ions are highly selective in double bond retention.?®
Therefore, silver-ion is widely used for stationary phase modification.



Chapter 2
Experimental

2.1 List of equipment and instrument

Equipment and instrument used: 0.5-10pl micropipette (Eppendoft, Germany);
Agilent 7890A Gas Chromatograph (Agilent Technologies, USA); Agilent 7693 Automatic
Liquid Sampler (Agilent Technologies, USA); Agilent 7000 Series Triple Quad GC/MS (Agilent
Technologies, USA); Memmert UM 400 Drying Oven (Memmert GmbH + Co. KG., Germany);
Milli-Q® Reference Water Purification System; Clifton Ceramic Hotplate Stirrer by
Nickel-Electro Ltd, Magnetic Stirrers C-MAG HS 7 by IKA; Stainless Steel Box FAI No.333
(Size 14x20x2 cm); SevenCompact Advanced pH Meter. (Mettler Toledo GmbH., Germany);
Combination lon-Selective Electrode, Silver/Sulfide by Cole-Parmer.

2.2 List of chemicals and materials
Chemicals and material used:
(1)  Silver nitrate, Analytical reagent by Thomas Baker Chemicals.
(2)  Nickel(ll) sulfate hexahydrate for analysis by Merck, Germany.
(3)  Copper(ll) sulfate pentahydrate for analysis by Merck, Germany.
(4)  TLCSilica gel 60 F254 aluminium sheet by Merck, Germany.
(5) Methanol for analysis by Merck, Germany.
(6) Dichloromethane for analysis reagent by Carlo Erba Reagents, France.
(7)  Vanillin for analysis by Merck, Germany.

2.3 Experimental
2.3.1 Sample preparation
Agarwood essential oils were obtained from Almas Oudh Al manufacturer
which were extracted from Aquilaria in Trat, Thailand which is processed by a

hydro-distillation method. The agarwood essential oils were sampled into four which are:

Table 4: Agarwood oils sample

Code Manufactured Date | Fermentation Baked oil
Sample A SD 25 May 2018 38 Days 40-50 °C for 10 months
Sample B S61 29 Nov 2018 10-18 Days -
Sample C SW Aug 2016 19 Days -
Sample D S63 9 Aug 2019 13 Days -

Agarwood essential oils were prepared separately into 1.5mL sterile glass vials with
75ul Agarwood oils and 1,425ul Acetonitrile.




2.3.2 Preparation of metal-ion solution and TLC modification

Silver nitrate (AgNO,), copper sulfate(CuSO,), and nickel sulfate(NiSO,) were
prepared in 50-mL beakers by weighing 1.0000 grams (+ 0.01 grams). Next, Each metal solid
was dissolved in 20mL of milli-Q water. The solution was transferred into a 100mL
volumetric flask and filled with methanol until the solution in each volumetric flask reached
100 mL. and 80mL of methanol was added to make the final volume to 100 mL.
100mL-metal-ion solutions were transferred into Stainless steel boxes No.333 separately.
Three TLC plates in each condition were used. 5x10 cm? TLC silica gel plates prepared, were
immersed in a stainless steel box with metal-ion solution for 10 minutes. Then the
impregnated-TLC plates were dried out in the oven at 110°C for 15 minutes and developed
the plates to observe the difference between three metals and a bare silica gel plate
regarding separation ability.

2.3.3 Study of impregnated-AgNO, conditions

2.3.3.1 Ratio of the solvent (methanol and milli-Q)
To test the suitable ratio of the solvent (methanol:mili-Q), the 1%
AgNO; (w/v) in different solvent compositions were prepared in different solvent
compositions. Firstly, four silver nitrate solutions weighing from 1.0010 to 1.0023 grams
were prepared in 50-mL beakers. The solutions were prepared as described in section 2.3.2
using different solvent composition, 50:50, 60:40, 70:30, and 80:20 (MeOH:milli-Q)
respectively. A retention factor was considered due to the difference of solvent ratio.

2.3.3.2 AgNO, concentration
AgNO, concentration can play a major role in the tuning of the
selectivity. Therefore five different concentrations, 0.3%, 0.5%, 0.7%, 1.0%, and 2.0%
AgNO; (w/v), of silver nitrate were prepared using the suitable solvent composition found in
section 2.3.3.1. These are used to compare due to a different concentration, a retention
factor and ability of separation were considered.

2.3.3.3 Impregnated time

Silver nitrate solutions were prepared in a 500-mL beaker by weighing
1.5081 grams before adding 60 mL of milli-Q water to dissolve silver nitrate and gently
stirred until all solids were dissolved. Afterwards, 240 mL of methanol was added to the
solution, giving a total volume of 300 mL 1.5% AgNO, (w/v). The AgNO, solution was
transferred into three stainless steel boxes N0.333 ,100 mL per box. Then three of 5x10 cm
TLC silica plates were immersed in each stainless steel box with AgNO; solution and labeled
as “A”, “B”, and “C”. Each box was left immersed for 5, 10, and 15 minutes, respectively. A
retention factor and ability of separation were considered.

2.3.3.4 Oven-Drying time
The silver nitrate solution of 2.0010 g was prepared in a 500-mL beaker.
It was then diluted with 80 mL of milli-Q water and added 320 mL of methanol into the
solution with a final volume in 400 mL 2.0% AgNO, (w/v). Three of No.333 stainless steel
boxes were prepared and filled with 100 mL of 2.0%. AgNO, (w/v) solution. Three of 5x10
cm? TLC silica gel plates were prepared and immersed in each stainless steel box with AgNO,
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solution label as “D”, “E”, and “F”. After 15 minutes all of nine TLC silica gel plates were
taken out from the solution. Then the impregnated-TLC plates batch “D”, “E”, and “F” were
dried in the oven at 110°C for 10, 15, and 20 minutes respectively. These are used to
compare due to a different time, outcome from heated and ability of separation were
considered.

2.3.4 Impregnated-TLC sample application and development

Both silica TLC plates and impregnated-TLC plates were spotted with SD, S61,
SW, and S63, by using 0.5ul at 0.5 cm above the bottom edge of the plates. The plates were
then waited for 10 minutes to get the sample dried. For developing the TLC plates, 6.4 cm
diameter cylindrical glass were used. Dichloromethane was used as a mobile phase in a
volume of 10mL as shown in Figure 2.1. It was developed until the solvent ran up at 0.5 cm
below the upper edge of the plates. Vanillin was then used to stain the plates. After it was
waited for vanillin to dry out, the plates were heated on a hotplate at 95°C or higher until
the spots occurred and became visible with great color intensity.

Figure 2.1: Impregnated-TLC development

2.3.5 Retention factor calculation
TLC plates that were successfully developed and showed acceptable
resolution were transferred to the photographing area. Then, the images of TLC plates were
taken. After the TLC plate images were exported into the computer, the ImageJ program
was used to calibrate to the distance of the plates and calculated into centimeters, then
calculated the distance as retention factors.

2.3.6 Color intensity
The MATLAB program was obtained from Ms. Phawida Yodthongchai (who
studies in classifying the type of agarwood oils) used to determine the intensity of colors
spotted from the succeeded TLC plates with the suitable AgNO, impregnated approach.

2.3.7 Gas chromatography-mass spectrometry (GC-MS) conditions
GC-MS was used to determine the difference of compound ranges that were
developed by a solvent between a silica TLC and a AgNO,Impregnated-TLC. The S63 sample
was used. Plates were prepared as Figure 2.2, and 50pl of the S63 sample was spotted on
the 3cm-band and developed. Each plate was then transferred into 20 mL vials respectively,
which started from fraction 1 to fraction 5 and sealed with the vial caps. Furthermore, the
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essential oil was extracted using headspace-solid phase microextraction (HS-SPME) fiber for
15 min extraction time and desorbed into GC-MS injection port for 5 min desorption time.
The operating conditions of GC-MS considered were HP-5 MS capillary column (30m x
0.25mm), Inlet mode (splitless mode), Carrier gas (helium), Flow rate (ImL / min), Injector
temperature (220°C), Temperature range (40-240°C), lonization: El (70 eV) and Mass range
(30-300 Da).

Figure 2.2: TLC plate composition

Figure 2.3: Headspace-solid phase microextraction diagram

Figure 2.4: Gas chromatography-mass spectrometry diagram
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Chapter 3
Results and discussion

3.1 Study of the various metal-ion types
To identify the suitable metal ions that can deliver different selectivity on the separation,

three different solutions of AgNO,, CuSO,, and NiSO, were adopted in this study. Figure 3.1a-3.1d
demonstrates the spot with the same area, difference in metal-ion impregnated (AgNO;,,
CuSO, and NiSO,) and a bare silica TLC plate in the same amount of concentration. In
Figures 3.1c and 3.1d, TLC impregnated with CuSO, and NiSO, shows a separation in a most
polarized area (in the box) that the solvent can carry out, the number of spots is similar as a
bare silica TLC. It was obvious that CuSO, and NiSO, did not show a different separation of
the polarity component. Moreover, TLC impregnated with AgNO, significantly resulted in
separation of polarity components as Figure 3.1b, the number of spots had expanded in
separation which means that AgNO, can provide better separation of polarity components
than the others.

(a) (b) (c) (d)

Figure 3.1: Impregnated TLC (a) Bare silica TLC; (b) 1% AgNO, solution; (c) 1% CuSO,
solution; and (d) 1% NiSO, solution

3.2 Effect of solvent ratio (methanol to milli-Q)

As shown in Figure 3.1b, impregnated TLC with silver nitrate had shown a good
separation for polarity components. The impregnation methods were various experimental
conditions were investigated with AgNO, impregnated approach. By varying the solvent
ratios between methanol and milli-Q (50:50, 60:40, 70:30, and 80:20) with the same amount
of 1% AgNO, solution(w/v), Figures 3.2a-3.2d indicate that retention factors of the spots
with the same area are similar in a range of 0.41 - 0.47 (sd=0.01). However, the results are
similarly the same. By the way, the less amount of water was more efficient in order to avoid
precipitation, so 80:20 of methanol to milli-Q was used.
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(a) (b) (c) (d)

Figure 3.2: Solvent ratio (methanol:milli-Q) (a) 50:50; (b) 60:40; (c) 70:30; and (d) 80:20

3.3 Effect of AgNO, concentrations

Different concentration of AgNO, solution (0.3%, 0.5%, 0.7%, 1%, and 2%), were
used to discover the effect of impregnated-TLC with AgNO,. 2% (w/v) indicates that the
marked spots, the retention factors of 0.39-0.40 (sd=0.01) were not well separated and the
separation is too brief compared to the other concentrations (Figure 3.3e). 1% (w/v) has a
good separation but the marked spots with the retention factors of 0.49-0.50 (sd=0.01) were
not clearly separated (Figure 3.3d). Moreover, the retention factors of 0.50-0.51 (sd=0.01)
in 0.5% (w/v)(Figure 3.3b) showed two separated spots except for the sample SD because
SD sample was baked oil but S61, SW, and S63 were not with the same process and just
difference in manufactured date, compared to 1% and 2% concentration at the same
marked spots. 0.3% (w/v) showed the best separation of polarity components in general but
according to the characteristics of baked and unbaked samples the retention factors of
0.59-0.61 must be the focus (Figure 3.3a). 0.7% (w/v)(Figure 3.3c) also showed the similar
separation result as 0.5% (w/v). However, 0.5% (w/v) is continuously the minimum AgNO,
concentration that was used to impregnate TLC.
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(a) (b) (c) (d) (e)

Figure 3.3: Difference concentration of AgNO; (a) 0.3%; (b) 0.5%; (c) 0.7%; (d) 1%;
and (e) 2%

3.4 Impregnated time

The results of varying impregnated time are shown in Figures 3.4a-3.4b where 5
minutes showed unclear separation of target spots; the target spots which are circles known
between unbaked and baked agarwood essential oils. Figures 3.4b and 3.4c showed the
same separation, compared to the retention factors in a range of 0.50 to 0.51 (sd=0.01). It is
similarly the same position. However, 10 minutes is selected for development.

(a) (b) (c)

Figure 3.4: Impregnated time of TLC (a) 5 minutes; (b) 10 minutes; and (c) 15 minutes
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3.5 Drying plates time

It is obvious that the longer drying time gives a clear plate at the lower edge which
samples spotted were located as demonstrated in Figure 3.5c compared to Figure 3.5b and
3.5a. As a result, time does not affect the separation.

(a) (b) (c)

Figure 3.5: Drying time of TLC in oven at 110°C (a) 5 minutes; (b) 10 minutes; and (c) 15
minutes

3.6 Suitable condition

According consideration in various condition, the result of suitable condition for this
experiment were using a 80:20 (methanol:milli-Q) ratio of 0.5% AgNO, (w/v), then immersed
the plates in solution for 10 minutes and dry in the oven at 110°C for 15 minutes. From the
result, Figures 3.6a and 3.6b show significantly difference in separation as a TLC
impregnated with silver nitrate give a high number of spots than a bare silica TLC plate
which indicate that silver nitrate is a good stationary phase due to tune the selectivity
toward components and the high polarity which can be pulling down the components that
might be unsaturated or complex compounds to the lower plate.
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(a) (b)

Figure 3.6: Developed TLC plates in different stationary phase (a) a bare silica TLC; and (b) a
TLC impregnated with silver nitrate

3.7 GC-MS analysis

The S63 samples was chosen as one of the samples to study compound selectivity
between developed samples with a bare silica and an impregnated TLC after separation then
cut into 5 fractions as prepared and SPME analyzed by GC-MS showing the volatile
compounds in Table 5-Table 9. In these tables, the white rows demonstrate sample S63
compounds identical with the developed impregnated TLC, the orange rows present sample
S63 compounds developed with silica TLC and the green rows indicate that both sample S63
developed with impregnated TLC and silica TLC have the same compounds. As a result,
Modification silver nitrate as a stationary phase had changed in compound selectivity as
shown in Table 5-Table 9. for example of epi- ¥ -Eudesmol which can be found on the
fraction 1 of the impregnated TLC (Table 5) while the same compound was found in the
fraction 4 of the bare silica TLC. As Figure 3.7 shows the structure of epi- ¥ -Eudesmol, silver
ions might be more easily attracted to the OH- group than a silica gel. On the other hand,
¥ -HIMACHALENE can be found on fractionl on both the bare silica and impregnated TLC
plates (Table 5). Based on the structure of this compound (Figure 3.8), the similar retention
factors obtained between these two plates indicate that the Ag-impregnated TLC might
form similar interactions with the unsaturated compounds as silica gel-TLC.

Figures 3.9-3.13 showed SPME GC-MS result for the impregnated TLC and Silica TLC
in the same fraction. As a result, the S63 sample that was developed with impregnated TLC
gave a higher abundance than developing with silica TLC because for instance in Figure 3.9,
the red spectrum gave a higher abundance than the black one. The high influence anion in a
salt was analysed in headspace caused the higher abundance in the spectrum.
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Figure 3.7: The structure of epi- ¥ -Eudesmol

Figure 3.8: The structure of v -HIMACHALENE

Table 5: Compounds from GC-MS of fraction 1

White: Compounds on impregnated TLC
Orange: Compounds on bare silica TLC
Green: Compounds on both type of TLC



Figure 3.9: GC-MS overlapped spectrums in fraction 1 (Impregnated TLC and Silica TLC)

Table 6: Compounds from GC-MS of fraction 2

White: Compounds on impregnated TLC
Orange: Compounds on bare silica TLC
Green: Compounds on both type of TLC

18
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Figure 3.10: GC-MS overlapped spectrums in fraction 2 (Impregnated TLC and Silica TLC)

Table 7: Compounds from GC-MS of fraction 3

White: Compounds on impregnated TLC
Orange: Compounds on bare silica TLC
Green: Compounds on both type of TLC
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Figure 3.11: GC-MS overlapped spectrums in fraction 3 (Impregnated TLC and Silica TLC)

Table 8: Compounds from GC-MS of fraction 4

White: Compounds on impregnated TLC
Orange: Compounds on bare silica TLC
Green: Compounds on both type of TLC
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Figure 3.12: GC-MS overlapped spectrums in fraction 4 (Impregnated TLC and Silica TLC)

Table 9: Compounds from GC-MS of fraction 5

White: Compounds on impregnated TLC
Orange: Compounds on bare silica TLC
Green: Compounds on both type of TLC
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Figure 3.13: GC-MS overlapped spectrums in fraction 5 (Impregnated TLC and Silica TLC)

3.8 Potential application

In this section the potential application of our developed method was demonstrated.
The fingerprints of the different agarwood oil were present by measuring the color intensity
of each separated spot on TLC read by ImageJ. The separation result of sample SD (baked
sample) was compared to the remaining three samples in Figure 3.14. The SD sample did
not show a pink spot having the retention factors in a range of 0.53 to 0.55 (sd=0.01). From
Figure 3.15, the color intensity spectra demonstrated that our developed method might be
useful for qualitative analysis of the agarwood oil product from different processes.

Figure 3.14: A suitable condition TLC plate shown the spots between baked and unbaked
sample
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Figure 3.15: TLC color intensity spectrum shown missing peak between baked and
unbaked sample
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Chapter 4
Conclusions

In this project, agarwood essential oil was analyzed by modifying TLC with metal ion
methods to determine the various characteristics of adulterants, species, and manufacturing
methods. Silver nitrate was used to modify stationary phase to tune the selectivity of the
stationary phase and increase efficiency in separation in the complex compounds in
agarwood oil. Therefore, impregnation conditions were considered by solvent ratio,
concentration, immersed time, and drying time. 0.5% AgNO; (w/v) in a ratio of 80:20
(methanol:milli-Q) immersed 10 minutes in AgNO, solution and dried in the oven for 15
minutes (110°C) was the optimum circumstance to separate baked and unbaked oil samples.
GC-MS was used to identify the compound selectivity between impregnated TLC and a bare
silica TLC. Lastly, ImageJ was used as a potential application to identify as a fingerprint and
might be compared with the standard solution which is easier to identify in further oils.
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