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ABSTRACT

Gaharu with scientific named Aquilaria is a veryuable plant where widely
used for medicine, perfumery, and incense. Dudstaarity and the high growing
demand for it, gaharu essential oil brings veryhhmrices. One of the common
methods to extract gaharu oil is by hydro disiitlat However, the yield of gaharu
oil using this method is still in small percentadFevious researches proved that
enzymatic hydrolysis during pre-treatment can dietter result of gaharu oil yield
extraction. Since enzymes are generally active @epecific range of reaction
condition, research to improve the enzymatic hydisl has been conducted. Two
parameters which are shaking speed (rpm) and \gatearu ratio (v/iw) that affect
the enzymatic hydrolysis were studied. From theiltesthe yields for gaharu oil
extraction were increased as the shaking speeédased from 50 rpm to 150 rpm. At
the shaking speed of 200 rpm, the yield did noticoe the same trend as the yield
was decreased. The highest yield for varying rpr.i092 at the 150 rpm. The
yields for gaharu oil extraction were decreased wuthe increasing water/gaharu
ratio from 8:1 v/w to 20:1 v/w. The highest yieldr fvarying water/gaharu ratio is
0.1092 at the ratio of 8: 1 v/w. Based on resulitaimed, the combination of 150
rom and water/gaharu ratio of 8: 1 v/w during enatim hydrolysis pretreatment

produced maximum gaharu oil yield extraction whi0.1092%.
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ABSTRAK

Gaharu dengan nama saintifik Aquilaria adalah tumabuyang sangat
bernilai di mana sering digunakan untuk perubatamyak wangi dan colok.
Disebabkan keistimewaannya dan pertumbuhan peramnggang tinggi, harga
minyak gaharu menjadi amat mahal. Salah satu kagalag paling biasa digunakan
untuk mengekstrak minyak gaharu adalah penyulingein Namun, peratusan
penghasilan minyak gaharu menggunakan kaedah isihmai peratusan yang
rendah. Kajian-kajian terdahulu telah membuktikahdwa hidrolisis dengan enzim
sebagai pra-rawatan boleh memberikan hasil pemaékst minyak gaharu yang
lebih baik dengan peratus penghasilan lebih tinggleh kerana enzim aktif pada
had keadaan tindak balas yang khusus, kajian umtekgkaji hidrolisis dengan
enzim telah dijalankan. Dua parameter iaitu keljgoncangan dan nisbah air
gaharu yang memberikan kesan kepada proses hisirolenggunakan enzim telah
dikaji. Parameter eksperimen yang optimum bolelurigian untuk meningkatkan
penghasilan minyak gaharu. Daripada eksperimenghasilan minyak gaharu
meningkat apabile kelajuan goncangan meningkatsfarpm kepada 150 rpm. Pada
kelajuan mengoncang 200 rpm, penghasilan minyalk tdengikut corak yang sama
di mana penghasilan minyak adalah menurun. Pepguoghasilan yang tertinggi
untuk kepelbagaian kelajuan mengoncang adalah 2.1%0 pada 150 rpm.
Penghasilan minyak gaharu berkadar langsung bergaraapabila pecahan air per
gaharu meningkat dari 8:1 v/w kepada 20:1 v/w. féeem penghasilan minyak yang
tertinggi untuk kepelbagaian nisbah air gaharu ad®.1092 % pada nisbah 8:1.
Daripada keputusan, kelajuan goncangan 150 rpmpdaahan air per gaharu 8:1
semasa hidrolisis dengan enzim menghasilkan pemnghasilan ekstrak minyak

gaharu yang maksimum iaitu sebanyak 0.1092%.
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CHAPTER 1

INTRODUCTION

1.1  Background of study

Gaharu with scientific named Aquilaria is classifiender the family of
ThymelaeaceaeAquilaria is the only one tropical tree genus whmlrently has
been focused by international attention (Chakrgbeirtal, 1994; Nget al, 1997).
There are other’'s name for this incense wood gbxelocal and the world like agaru,
aloes wood, agarwood, oud, chen-xiang, eagle wjgddyh and others (Cheksuet
al., 2002). The fragrance of agarwood can vary gredgpending on the country of
origin, the density of resin and on the part of tree from which it is harvested.
Gaharu essential oil is very valuable which widaked for medicine properties,

perfumery, and incense (Okugaeitaal,, 1993).

Aquilaria trees are now protected in most countaes the collection of
agarwood is illegal from natural forests. Interoméil agreements, such as the
Convention on International Trade in Endangeredciee(CITES) of Wild Fauna
and Flora), accepted by 169 countries, is desigoednsure trade in agarwood
products from wild trees does not threaten theigaihof Aquilaria. Despite these
efforts agarwood products from illegally cut treeentinues to be sold and
unknowing consumers create a demand that helpsedtray the last old growth

Aquilaria trees in existence (Blanchette, 2006).



According to Leo Sunari, head of the World Wildlfeind (WWF) Gaharu
project, gaharu is known throughout many Asian toes and commonly use from
Asia to the Middle East. It is believed that onlgularia trees which are older than
25 years can produce high-grade gaharu, valualalék lbrown- or black-colored
heartwood with a very strong smell. From Indiartddnesia, market demand for this

forest product is very strong and far greater tih@nsupply.

As gaharu essential oil is in high demand todag,ré#search to enhance the
gaharu oil production is still dwindling. The smp#rcentage of gaharu essential olil
production is not enough to meet the market demddgke to its rarity and the high

growing demand for it, gaharu essential oil brihggh prices.

Since gaharu is valuable, local entrepreneur haptad water distillation
technique that very much practice traditionallyezsally in rural areas of Cambodia
and India (Changet al, 2002). Nowadays, local entrepreneur prefer dactve
technique that produce higher yield of gaharu dilol is using hydro distillation. It
is reported that the proportion of mostly esserdihkxtracted by hydro distillation
93% and the remaining 7% is extracted by other ate8uch as solvent extraction
and CQ extraction. Hydro distillation method is believiedproduces pure quality of
gaharu essential oil because it only uses watderahan other method that use
solvent such as solvent extraction. The partitietwieen the water and oil phases of
distillation make the separation of the oil is easyl more economical (Masango,
2001).

The gaharu oil production using hydro distillatioan be improved if an
enzymatic hydrolysis treatment is employed prioretdraction step (Fullbrook,
1983; Mareket al, 1990; Tano-Debralet al, 1996). The cell wall degradation
caused by the enzyme increases the permeabilityet@il through membrane. The
use of several enzymes as cellulases, hemicelfjlasel amylases has been reported
(Lanzaniet al, 1975; Bhatnagar and Johari, 1987).



Like others plant, gaharu oil is found inside plaells, linked with wide
variety of carbohydrates. In order to facilitate éxtraction from the plant cells, it is
necessary to degrade the cells walls to increasepdrmeability for oil. Most
carbohydrates in gaharu cell wall are in the fofnfignocellulose in which is made
up of mainly cellulose, hemicellulose, pectin, digdin. Lignocellulose is generally
found in the stems, leaves, hulls, husks, and oblpdants or leaves, branches, and
wood of trees. One technique to hydrolyze this diggllulose contents is by
enzymatic hydrolysis. Degradation of lignocellulosspecifically cellulose by
enzyme during enzymatic hydrolysis will increase grermeability to the gaharu oil
through of cell wall.

Enzymatic hydrolysis of cellulose is carried outdstlulase enzymes which
are highly specific (Beguin and Aubert, 1994). Tgreducts of the hydrolysis are
usually reducing sugars including glucose. Utilityst of enzymatic hydrolysis is
low compared to acid or alkali hydrolysis becauseyene hydrolysis usually operate
at mild conditions, pH 4.8 and temperature 45— 50°C and does not have a

corrosion problem (Duff and Murray , 1996).

1.2 Problem statement

Upon hydro distillation of Malaysian ‘gaharu’ (agarod), an essential oil is
obtained in 0.8% vyield (Yaacob, 1999). This shouat tthe yield of gaharu essential
oil using hydro distillation still in small perceage compared with mostly types of
essential oil extracted by the same method whi@8%. However the drawback of
this method is that the still could get overheatdas burning the aromatics and

resulting in a burnt smell (Aromacures, 2006).

The results from previous research indicates tkeltl yof extraction gaharu
essential oil using enzyme as pre-treatment (entzgrhgdrolysis) give the highest

result compare to extraction without enzyme peatiment. The oil production can



be improved if an enzymatic treatment is appliedliffook, 1983; Marelet al,
1990; Tano-Debraht al, 1996).

The advantages of this biological pretreatment yewaic pretreatment)
include low energy requirement and mild environraébnditions. However, the
rate of most hydrolysis in most biological pretreanht processes is very low (Sun
and Cheng, 2002).

There are many factors that effects the enzymatitrdlysis of cellulose in
gaharu wood include substrates, cellulose activatlyd reaction condition (pH,
temperature, as well as other parameter). Enzymesgenerally active over a
specific range of reaction condition. Hence, to riowe the yield and rate of the
enzymatic hydrolysis, research has focused on aptimmthe hydrolysis process and
enhancing cellulose activity (Cantwedt al, 1988; Durandet al, 1988; Orpin,
1988).

This research investigated the effects of the §ipeparameters which are
shaking speed (rpm) and water/gaharu (v/w) ratieemzymatic hydrolysis using
cellulase enzyme to enhance production of gaharéseia result, the best parameter
of reaction condition during enzymatic hydrolysiancbe determined to produce

maximum yield of the gaharu oil.

1.3 Scope

Use enzymatic hydrolysis during pre treatment mdeo to enhance the
production of oil from gaharu wood. Further oil exttion process has been
conducted via hydro distillation. The effects ofakimg speed (rpm) and
water/gaharu ratio (v/w) on gaharu oil extractiorenzymatic pre treatment has been

investigated.



1.4

Objectives

The objectives of this research are:

To study the effect of shaking speed (rpm) in eretjenhydrolysis pre-
treatment to get the maximum gaharu essentiakodyction.

To study the effect of water/gaharu ratio (v/iw)einzymatic hydrolysis pre-

treatment to get the maximum gaharu essentiarodyction.



CHAPTER 2

LITERATURE REVIEW

2.1 Gaharu

There are a few names for the resinous, fragrawk faghly valuable
heartwood produced by Aquilaria tree which are wgad, eaglewood, gaharu and
aloeswood. Most common name that use in scienjdignal is agarwood. In

Malaysia, this incense wood is familiar with nanigaharu (Cheksurat al, 2002).

2.1.1 Aquilaria species

Around the tropical region there has been repottet 15 species of
Aquilaria exist in India, Burma, China, Myanmar aMidlaysia region. In Malaysia
there are 5 species of Aquilaria found which &quilaria Hirta, Aquilaria
MalaccensisAquilaria Rostrata Aquilaria MicrocorpaandAquilaria BecananaA
significant number of research studies have beendwxied on Aquilaria
malaccensis(Ng et al, 1997) which is well distributed throughout Pesilar
Malysia except for Kedah and Perlidquilaria malaccensisalso considered
threatened species due to its high value in todangsket and has been included in
‘The World List of Threatened Tress’ (Oldfiedd al, 1998).



2.1.2 Aquilaria tree and agarwood production

The Aquilaria tree is a large evergreen tree grgwaver 15-30 m tall and 1.5
— 2.5 m in diameter with white flowers (Chakrabagtyal, 1994). According to
Professor Robert Blanchette from The Universitafinesota; agarwood is formed
when aquilaria trees produce a resin as a defeesanism against fungi infection
or injury causing its normally soft, white wood b@come hard and dark in color.
This resin-soaked wood is called agarwood (Blareh@006). Agarwood produced

in grown Aquilaria tree is shown in Figure 2.0.

Figure 2.0 Agarwood produced in grown Aquilaria tree

The formation of agarwood occurs in the trunk amots of trees are due to
the infection by a parasitc ascomycetous mouRhialophora parasitica a
dematiaceous (dark-walled) fungus. As a respohsgetrée produces a resin high in
volatile organic compounds that aids in suppressingetarding fungal growth.
While the unaffected wood of the tree is relativdight in colour, the resin
dramatically increases the mass and density adffieeted wood, changing its colour
from pale beige to dark brown or black.

High quality resin comes from a tree's natural immuesponse to a fungal
attack. It is commonly known as agarwood #1 (fgatlity). An inferior resin is

created using a forced method where aquilaria teses deliberately wounded,



leaving them more susceptible to a fungal attadkis Tis commonly called as

agarwood #2 which the second quality of agarwoagit\al, 1997).

2.1.3 Gabharu in Malaysia

Today, gaharu or agarwood is becoming more popal&dalaysia. This is
due to an initiative taken by En Sulaiman Bin Db&shammed Khan, from Muar,
Johor to create awareness of the precious soufcagaswood in Malaysia. This
awareness is vital as Malaysia is rich in gaharainty in Terengganu and Pahang.
The Malaysia government recently financed some @gsrio continue research and
development of gaharu. The goal is also to incraasetrade of agarwood in
Malaysia (Nget al, 1997).

Since price of gaharu is very high where the goodlity gaharucan fetch
around RM10, 000 per kg, gaharu collectors or myeve to pay a royalty fee
amounting to 10% of the raw material market pri€envention on International
Trade in Endangered Species (CITES) have beendsanextraction permit and

facilitate the traders in obtaining export of gahewood (Hilary, 2005).

2.1.4 Uses of gaharu

2.1.4.1Medicine

Agarwood is one of the earliest recorded medicioesd in early Chinese
medical textbooks. The main function of agarwoodasremove the bad chi or
energy from the body, which promotes circulatiord aslood flow. High grade
agarwood powder is prescribed in Chinese medicime wsed in the production of

pharmaceutical tinctures (Yaacob, 1999).



Agarwood is used as a complex ointment for smalkaok various abdominal
complaints. It also prescribed for dropsy, as anaaaitive, for heart palpitations and
as a tonic taken particularly during pregnancyerathildbirth and disease of female
genital organs (Chakrabarty al, 1994).

2.1.4.2Perfume

Perfume is a mixture of fragrant essential oils ardma compounds,
fixatives, and solvents used to give the human paothyects, and living spaces a
pleasant smell. Agarwood is said to have been yighked by European perfumes
in the mid — 1990s (Chakrabaseyal, 1994).

In India, various grade of agarwood distilled sepely before blending to
produce final “minyak attar”. Minyak attar is watessed perfume containing
agarwood oil which is traditionally used by Muslitiaslace prayer clothes (Yaacob,
1999). Agarwood perfumes are seldom pure agarwabdbot instead use an
alcoholic or non alcoholic carrier. The cheapesaragod perfumes are either
synthetic or a blend of oils each with differentafjies and fragrances. Agarwood
essences have recently been used as fragranceaps and shampoo (Chakrabarty
et al, 1994).

2.1.4.3Incense

Agarwood powder and dust cannot be burned dir@éctigcense holders, but
can be used to make incense sticks or coils favanéragnance. Agarwood incense
is burned to produce a pleasant aromatherapy. fidraatic smell of this incense is
100 % pure natural smell that is the specific snwélleach different area of
Agarwood. No chemicals or any artificial perfumelsied. So they are very safe and
no side effects to human health when burning. Thstrdistinguishable advantage of
Agarwood Incense is that it can be used in closstt@ments (Agarwood incense,
2007).
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Pure agarwood is also burned as incense in Jdjpenagarwood is breaks
pieces off and burn. A revival in the ancient drik@h doh(incense ceremony) in

Japan has revitalized interest in agarwood (K&26)

2.2 Extraction

2.2.1 Definition of extraction

Extraction is a separation process to separatéesoluremoved undesirable
solute component from the solid where the solidastacted with a liquid phase.
Fragrance extraction are processes which involieaging aromatic compounds
from the raw material using various methods sucHistillation, solvent extraction
and expression Currently, the most popular metimad tsed many old times for

essential oil extraction is distillation (GilberigaMartin, 2002).

2.2.2 Distillation

Distillation accounts for the major share of essgnils being produced
today. The choice of a particular process for th&raetion of essential oil is
generally dictated by the following: (1) sensityitf the essential oils to the action
of heat and water; (2) volatility of the essentid| and (3) water solubility of the
essential oil (Hand Book on Medicinal, 2007). Afeettraction, the properties of a
good quality essential oil should be as close asipte to the essence of the original
plant. The key to a good essential oil is throlah pressure and low temperature
processing. High temperatures, rapid processinthe use of solvents alter the
molecular structure, will destroy the therapeutdue and alter the fragrance. This

cause the usually method choose for oil extraggdrydro distillation.
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2.2.3 Hydro distillation

Hydro distillation is one of the oldest and easiasthods being used for the
extraction of essential oils using the water. Ihdg¢ only the most ancient method of
distillation but also the most versatile. In thiethod the plant material is fully
dipped and boiled in the water with the resultatdasy being captured and
condensed. It involves the use of a common tuboib veater and plant material.
Hydro distillation is the best method for tough eratls like nuts, wood or root.
However the disadvantage of this method is thatsthlecould get overheated, thus

burning the aromatics and resulting in a burnt s(Agbmacures, 2006).

2.3  Enzymatic hydrolysis

2.3.1 Cellulase

Enzymatic hydrolysis of cellulose is carried outd®flulase enzyme which is
highly specified (Beguin and Aubert, 1994). Botictesia and fungi can produce
cellulases for the hydrolysis of lignocellulosic ter@al. These organism can be

aerobic or anaerobic, mesophilic or thermophilic.

Cellulases are usually a mixture of several enzymé¢deast three major
groups of cellulases are involved in the hydrolysiscess: (1) endoglucanase which
attacks regions of low crystallinity in the cella®fiber, creating free chain-end; (2)
exoglucanase or cellobiohydrolase, which degrades mnolecule further by
removing cellobiose units from the free chain-en{®; 3- glucosidase which
hydrolyzes cellobiose to produce glucose. In additio the three major groups of
cellulose enzymes, there are also a number of lancienzymes that attack
hemicellulose such as glucuronidase, xylanase, cigam®mnnanase and

glucomannanase (Duff and Murray, 1996).



12

2.3.2 Lignocellulose

Lignocellulose is the major carbohydrates componehtcell wall that
strengthens woody plant cells. Lignocellulose cstssof about 35 to 50% cellulose,
20 to 35 % hemicelluloses and 10 to 25% lignin.

Cellulose is composed of linear chains of covajelmiked glucose residues.
It is very stable chemically and extremely insotubA hemicellulose can be any of
several heteropolymers (matrix polysaccharidesyegnein cell walls along with
cellulose. While cellulose is crystalline, strongnd resistant to hydrolysis,
hemicellulose has a random and amorphous struetitindittle strength. It is easily

hydrolyzed by dilute acid or base as well as myhadhicellulase enzymes.

Lignin is further linked to both hemicelluloses awdllulose forming a
physical seal around the latter two components tha&an impenetrable barrier
preventing penetration of solutions and enzymesgdneral lignin contains three
aromatic alcohols (coniferyl alcohol, sinapyl andqumaryl) (Malherbe and Cloete,
2003).

2.3.3 Pretreatment of lignocellulosic material

Alkaline and acid (Nguyen, 1993; Grethlein and Gase, 1991) hydrolysis
methods have been used to degrade lignocellulosek\&cids tend to remove result
in poor hydrolysis of cellulose whereas strong amatment occurs under relatively
extreme corrosive conditions of high temperatureé pH which necessitate the use
of expensive equipment. Also, unspecific side lieast occur which yield non-

specific by-products.

For many processes including degradation of ligliolwse, enzymes are

preferred than acid or alkaline to hydrolyze sittoey are specific biocatalysts, can
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operate under much milder reaction conditions, aiopnoduce undesirable products

and are environmentally friendly (Chahal, 1992).

2.3.4 Enzymatic hydrolysis pre treatment step

Enzyme is a protein (or protein-based molecule) speeds up a chemical
reaction in a living organism. An enzyme acts atlgat for specific chemical
reactions, converting a specific set of reactactlldd substrates) into specific
products. Enzymatic hydrolysis a process by wl@nhymes (biological catalysts)

are used to break down cellulose in lignocellulg&slogy Online, 2007).

The applications of the enzymatic hydrolysis trestnlead to a slightly
higher fraction of easily extractable oil because enzymatic attack of the cells
causes additional breaking of the cell wall streetuAdditional breaking will
increase the permeability to the gaharu oil throofell wall. Hence, the enzymatic

hydrolysis pretreatment will enhance yield of ecteal oil (Osburn, 1944).

Enzymatic hydrolysis of cellulose consists of thrgteps: adsorption of
cellulase enzymes onto the surface of the cellukbgebiodegradation of cellulose to
fermentable sugars, and desorption of cellulosdul@se activity decreases during
the hydrolysis. The irreversible adsorption of wlelse on cellulose is partially
responsible for this deactivation (Conveesal, 1988).

The cellulose hydrolysis by cellulase enzymes iuémced by many
substrate and enzyme related factors (Esteghlaganal, 1999) including
heterogeneity of the reactants and a liquid enzwating upon a solid surface.
Therefore adequate mixing is required to ensurdicguit contact between the
substrate and enzyme, and to promote heat and loadessce. The soaking process
purpose is to break down the parenchymatous cetlsodl glands. In mixing and

soaking process, water activity plays importanteragl swelling, expanding the
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structure of fiber, increasing the surface areassible to cellulolytic enzymes, and

also facilitating the diffusion of enzymes (Fairal, 1987).

2.3.5 Shaking speed (rpm) effects

Mukatakaet al, (1983) have shown that excessively high mixipgesls
(>200 rpm) could lower the extend of cellulose ansion while moderate mixing
speed (100-200 rpm) provide a good combinationast hydrolysis rate and high

conversion yield.

From the study, increasing the shaking speed frbno2150 rpm enhanced
the interaction between the substrate and had preajpble adverse impact on the
activity of enzymes, as reflected by the slightigher conversion yields of the 150
rpm runs. As a result, the continuous and high ¢@taking produced the highest
conversion yield whereas the intermittent and Ipeesl shaking regimes resulted in

lower conversion (Hannet al, 2001).

2.3.6 Water/gaharu ratio effects

The lowest value of the range of the water/seetis has chosen to allow a
good mixing in the shaking equipment. Best condgifor oil extraction are found to
be low water/seed ratio where the maximum yieldveosion is obtained (Sineiret
al., 1997).



CHAPTER 3

METHODOLOGY

3.1  Substrate preparation

3.1.1 Raw material preparation

Gaharu woods were bought from local entrepreneurGim Musang,
Kelantan. First step is chopping process where rgalveods were chopped into
small pieces for easier grinding process. Secaeyl istgrinding process. The pieces

of gaharu woods were ground into powders used gritybe of Disk Mill FFC23.

3.1.2 Buffer solution preparation

Buffer solution used for substrate preparation.isM NaoH solution and 0.1
M KHP (Potassium hydrogen phthalate) solution. &dr M NaoH solution, 8g of
NaOH powder were mixed with 2L distilled water hmetbeaker. Then, the solution
was stirred using magnetic stir bar. For 0.1 M Kstiution, 40.846 g Potassium
hydrogen phthalate powder were mixed with 2L desdilwater in the beaker. Then
the solution was stirred using magnetic stir barbuffer solution preparation, 363
mL of 0.1 M NaoH and 1100 mL of 0.1 M KHP were mdxeith 2537 mL of
distilled water in the 5L flask. The mixture wasakimg with hand until the mixture

being homogeneous. The pH of buffer solution wasckéd using pH meter. The
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buffer solution should be in range of 4.5 into 5Me optimum pH for cellulase

enzyme activity is 4.8.

3.1.3 Sample preparation

Sample preparation was dependent on the waterigahitio values which are
8:1 viw, 12:1 viw, 16:1 v/iw and 20:1 v/iw. Gaharwper was weighed in the correct
amount and put into the glassware. The buffer mwlutas poured into the glassware
and mix using the ladle. When the gaharu powder karfter solution really mix,
they were poured into 5L flask. When the half okiuie was poured, the enzyme
Celluclast 1.5 L which is Cellulase froifirichoderma reesewas putfollowing
enzyme/substrate ratio value which is 1: 100 w/tae Pposition of syringe must be in
straight to avoid the enzyme attach the wall o$KlaThen, the balance of mixture

was poured into the flask.

3.2  Enzymatic hydrolysis pretreatment

The enzymatic hydrolysis pretreatment to enhandemaoil extractability
was performed during the mixing stages, which cautyin the double stack shaking
incubator (brand: INFFORS model: MULTITRON). The sample was shaking at
temperature 50C for 3 hours. The experimental parameter of slipkijpeed were

varies in the range of 50 rpm, 100 rpm, 150 rpnad, 200 rpm respectively.

3.3  Extraction process

A hydro distillation unit for the extraction pragswas set up as shown in
Figure 3.0. The sample was poured into the fladkydfo distillation unit. The water
flow was continuously turned on. Hexane was putteidg the pipette until the layer

between the hexane and water has been seeinge Eadualuminum foil needs to be
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wrapped all over the apparatus to make sure the® no heat loss occurs. The
extraction of gaharu oil was run for 3 days usingdrb distillation unit. The

temperature used is 10Q (boiling point of water).

The gaharu oil in present in the flask was vagwiand passes through a
condenser. After the extraction process endedhydeo distillation unit was cooled
in one day. The layer of gaharu oil and water weokected in a receiving flask.
Sodium Sulphate (N&8Q,) was putted into a mixture of with a function tasarb the
water content in the mixture. Then the mixture wassferred into the sample bottle
using the pipette. The sample bottle used have Wegghted and labelled first. The
sample bottle was put into the fume wood for hexawaporation. The gaharu oil
was weighted until get the constant value. The sataps were repeated for all

experimental parameters.

Figure 3.0 Hydro distillation unit
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3.4  Data collecting and analysis

The weight of gaharu oil extracted was calculaetelow:

weight of bottle and gaharu oil (g) — weight ottte(g)

The percentages of gaharu oil yield for every peai@r were calculated as

below:

Oil yield (%) = weight of gaharu oil extracted (g)x 100
dry weight salm(g)




3.5

Process flow of the experiment
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Process flow for the research experiment is showfigure 3.1

RAW MATERIAL
Gaharu wood

A 4

CHOPPING
Into small pieces

A 4

GRINDING
Grind into powder

|

0.1 M NaOH + 0.1 M KHP (Potassium hydrogen phtteglat

PREPARING BUFFER SOLUTION

pH=4.5-5.C

A

A

PREPARING SAMPLE

Mix gaharu po

wder + buffer solution

Add enzyme Celluclast 1.5 L

Experimental parameters: 8:1 12:1 16:1 and 20:1 v/wj

SUBSTRATE
PREPARATION

A

A

SHAKING

Double sta

ck shaking incubator

Temperature: 5T time: 3 hr

Experimental parameters: 50,100,150 and 200 r

A

A

HYDRO DISTILLATION
Temperature: 10C, time: 3 days

Layer of gaharu oil is decanting and collect taileg

A

A

Oilisw

WEIGHTING

eighting

ENZYMATIC
HYDROLYSIS

EXTRACTION

DATA
ANALYSIS

Figure 3.1 Process flow for the research experiment




CHAPTER 4

RESULTS AND DISCUSSION

The effects of two specific parameters which areksiy speed and water/

gaharu ratio in enzymatic hydrolysis using cellelenzyme have been investigated.

The yields of gaharu oil for each parametes are pewed and the optimum

parameters for enzymatic hydrolysis pretreatmersetéaon maximum gaharu oil

yield extraction. The yields of gaharu oil arewwhan Table 4.0.

Table 4.0:Yield of gaharu oil extraction

Variable| rpm Ratio | Ratio | Treatment Extraction| Yield
water | enzyme/| time (hr) | time (day) %
/gaharu| gaharu

Shaking| 50 8:1 1:100 3 3 0.0995

speed 100 8:1 1:100 3 3 0.1068
150 8:1 1:100 3 3 0.1092
200 8:1 1:100 3 3 0.0923

Ratio 150 8:1 1:100 3 3 0.1092

water/ 150 12:1 1:100 3 3 0.0859

gaharu 150 16:1 1:100 3 3 0.0707
150 20:1 1:100 3 3 0.0543
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Figure 4.1Shaking speed versus yield

From Figure 4.1, it is observed that a consideradeease in gaharu oil
extraction yield occured when the speed shaking)ipcreased from 50 rpm to 150
rpm. Same results have obtained by Haehal (2001). The speed shaking will
enhance the interaction between gaharu and cedlubbeyme. This cause more
cellulase enzyme attack to the cell wall of gahang degradation being increase.
The cell wall degradation considered as a redudtidiiber content. The enzymatic
attack of the cell walls causes an enhanced pigséiiciency as well as reduction in
fiber content (Sineireet al, 1996). That cause gaharu oil easily passes thrtug
cell wall and caused the increament of the yieldgaharu oil being extracted
(Osburn, 1944). At 200 rpm, the yield of gaharuddn’t continue the same trend
where it was decreased. Excessively high speedsrlalae conversion yield as
reported by Hannat al, (2001). The enzyme is believed to be exposedgto $hear
stresses. These stresses are responsible for rflaeesdenaturation of enzyme and
reduced the activity of enzyme to degrade the well of gaharu (Meenaét al
2006). The highest yield for these parametersli8d2% at 150 rpm.
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Figure 4.2: Water/gaharu ratio versus yield

As shown in Figure 4.2, a decrease in gaharu dihetion yield occur when
the water/gaharu ratio increase from 8:1 v/w tdl20w. Same results were reported
by (Sineiroet al, 1997). Water in the sample plays an importatg no hydrolytic
reaction. From Domingueet al (1996) report, water favouring the diffusion and
mobility of both the enzyme and the products. lis ttondition water may inhibiting
the enzymatic reaction. This proved that high watartent can inhibit the enzyme
activity during enzymatic hydrolysis pretreatmdrthe water content is too high. By
increasing the ratio from 8:1 v/w into 20:1 v/wetholume of water is become larger
and causes the inhibition activity being increae.the same time the enzyme
activity being reduced and less degradation of gahball wall by cellulose enzyme
occur. The permeability of gaharu oil through eedlll decrease hence less of gaharu
oil can be extracted. Therefore it is observed thereasing the water per gaharu
ratio reduced the yield of gaharu oil extractede Tighest yield for this varying
water/gaharu ratio is 0.1092% at 8:1 v/w.



CHAPTER 5

CONCLUSION & RECOMMENDATION

51 Conclusions

This study on effect of shaking speed and watedgahratio during
enzymatic hydrolysis pretreatment had been suadésstarried out. Thus, by

completing this research, several conclusions eam&de which are:

1. The yields for gaharu oil extraction were increasedthe shaking speed
increased from 50 rpm to 150 rpm. At the shakirgespof 200 rpm, the yield
did not follow the same pattern where the yielchgeilecrease. The highest
yield for varying shaking speed is 0.1092 % at 0.

2. The yields for gaharu oil extraction were decrgasgortional to increasing
water/gaharu ratio from 8:1 v/iw to 20:1 v/iw. Theghmest yield for varying
water/gaharu ratio is 0.1092% at 8:1 v/w.

3. Shaking speed at 150 rpm and water/gaharu rati®:Iofv/w in enzymatic
hydrolysis pretreatment are optimum parametersdiveih maximum gaharu

oil yield extraction which is 0.1092%.
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5.2 Recommendations

Enzymatic hydrolysis pretreatment before extracpoocess is an important
research that must be continued due to the highevaind demand of gaharu
nowadays. From this research, there are severammendations that should be

done in future study to improve the yield and dyadif gaharu oil extracted which
are:

* More effective hydro distillation units should besiyned. During this research,
there was gaharu oil stuck at the wall of equipmepparatus. The new

technology should be used to improve the recovegabaru oil extracted.

» Further decrease in water per gaharu ratio v/w Ishbe done to find the trend
effects of these parameters clearly. Due to appsuatoblem, water/gaharu ratio
below than 8:1 v/w cannot be done. Preparing skitapparatus and equipment
was needed to make sure these parameters can éesuleessfully. Parameters

recommend are 6:1 v/iw and 2:1 v/w.
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APPENDICES A

Preparation of buffer solutions

1. Preparing 0.1 M NaOH solution
Volume =2 L

Weight =MV x JMR
= 0.1(2) (40)
=89

8 g NaOH powder + 2L distilled water

2. Preparing 0.1 M KHP solution

Volume=2L

Weight =MV x JMR
=0.1 (2) (204.23)
= 40.846 g

40.846 g KHP powder + 2L distilled water

3. Preparing buffer solution

Volume =4 1L

33 mL NaOH x 11 = 363 mL
100 mL KHP x 11 = 1100 mL
Distilled water ~ =2537 mL
4000 mL of Buffer Solution



Preparation of samples

APPENDICES B

1. Preparing sample for ratio 8:1 v/w

8

buffer solution

3200 mL :

1
400 g

gaharu powder

1
4 mL

cellulase enzyme

100
400 g

gaharu powder

2. Preparing sample for ratio 12:1 viw

12
3600 mL

buffer solution

:300 g

1

gaharu powder

1
3mL

cellulase enzyme

100
300 g

gaharu powder

31



3. Preparing sample for ratio 16:1 v/iw

16 : 1
4000 mL :250¢9

buffer solution gaharu powde

1 : 100
25 mL : 250¢

cellulase enzyme gaharu powd

4. Preparing sample for ratio 20:1 v/w

20 @ 1
4000 mL : 200 g

buffer solution gaharu powdd

1 : 100
2mL : 200g

cellulase enzyme gaharu powd
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APPENDICES C

Yield calculations

1. 8:1 v/w and 150 rpm

Weight of bottle =13.2553 ¢
Weight of bottle + oil =13.6921 g
Weight of oil =0.4368 g

Yield = (0.4368 g / 400 g) x 100
=0.1092 %

2. 12:1 v/iw and 150 rpm

Weight of bottle =13.2262 g
Weight of bottle + oil =13.4840 g
Weight of oil =0.2578 ¢

Yield = (0.2578 g / 300 g) x 100
=0.0859 %

3. 16:1 v/w and 150 rpm

Weight of bottle =4.7463 g
Weight of bottle + oil =4.9230¢g
Weight of oll =0.17679

Yield = (0.1767 g/ 250 g) x 100
= 0.0707 %



4. 20:1 v/w and 150 rpm

Weight of bottle =4.7404 ¢
Weight of bottle + oil =4.8490 ¢
Weight of oll =0.1086 g

Yield = (0.1086 g / 200 g) x 100
= 0.0543 %

5. 50 rpm and 8:1 v/w

Weight of bottle =4.6432 g
Weight of bottle + oil =5.0411¢9
Weight of oll =0.3979¢

Yield = (0.3979 g / 400 g) x 100
= 0.0995 %

6. 100 rpm and 8:1 v/w

Weight of bottle =4.6330¢g
Weight of bottle + oil =5.0600 g
Weight of oll =0.4270¢g

Yield = (0.4270 g / 400 g) x 100
= 0.1068 %

7. 200 rpm and 8:1 viw

Weight of bottle =13.3720 g
Weight of bottle + oil =13.7410¢g
Weight of oll =0.3690 g

Yield = (0.3690 g / 400 g) x 100
= 0.0923 %



