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CHAPTER |
INTRODUCTION
1.1 Statement of purpose

The growth in consumption of petroleum oil throughout the world has caused urgent
economic, security, and environmental problems. One of the best ways to reduce our
dependence on petroleum oil is to davalop'rénewable fuels such as biodiesel (Guan et al.,

: comes from renewable sources
(Rosa et al., 2009), that can be proiuc, wanic feedstock including fresh
or waste vegetable oils, a | s (Jeeng et al., 2009 and Patil and
Deng, 2009). Biodiesel Sig Aty lower emissions d . etroleum-based diesel when
it is burned, whether u
{ 05 phere and leads to

, 2002 and Vicente et al., 2004). In

contribute to a net rise in
minimize the intensity of g
addition, biodiesel is better content, flash point, aromatic
content and biodegradability. g promising alternative to diesel

fuel because they are renewable ir ¥ be produced locally and environmental

-IIJ'.

friendly as well. Many réses chiaper plant oils to be used as
alternative feedstock farbiodiesel pi hae been identified such as
waste cooking oil [Wangg al., 2006) and oils"from no I@ oil-producing plants such as
physic nut (Modi et al., 2007 aad Berchmans apd Hirata, 2008), cotton seed (Kose et al.,

2002 Royon et 4|28 it bk A6, Jbted sk Ramachas ot . 200

and pumpkin (Schﬂlllas etal, 2009). ¢

0 B B PR 3 Ay ot

oil with methanol in the presence of either alkaline or strong acid catalysts. The

transesterification reaction can be represented as



R,-COO-R' CH,-OH
‘I:Hz-mo-& W 1 i 2
?H—ODC—R, + 3ROH > R COOR + {I:H-DH
CH,-00C-R, R,-COO-R' CH,-OH
Triglyceride Alcohol Alkyl ester  Glycerol

The production of biodiesel by transesterification process employing alkali catalyst
ion and reaction rate (Lu et al., 2007 and
Shao et al., 2008). However, rawbacks. It is energy intensive and
recovery of glycerol is dw- . mt has to be removed from the
product, alkaline wastewat i aatmant 1 al., 2006), and free fatty acid and
natic. tre nse sterification has attracted much

has been industrially accepted for i

water interfere with the re
attention for biodiesel yCtion as it-pro la ly product and enables easy
separation from the b . @ly€erol (Rapganatha al., 2007 and Dizge and Keskinler.,

2009)

Lipases, known as @ C:8.1.1.3), is one of the most
extensively used enzymes ] 7 sis of triacylglycerol to glycerol and fatty
acids (Chang et al., 2008 andl_ai@iﬂ 9), Bepending on the nature of substrate and
reaction conditions, 5es can : a wide rar ge of enantio- and regioselective

‘k
reactions such as hydrol b S, aminolysis and

ammoniolysis (Deng et l.. 2005, Chang et al., 2008, Dizge lt al., 2008 and Lei et al., 2009).
Lipases are wid r ﬁ’a s, m rgani ihangir and Sarikaya,
2004 and Dangﬁﬂﬂ] Mi Ej imm more useful than
lipase derive m plants or animals ﬁaiijsa of th eater and avallable varieties of
o) O I ST TSR e

due to absence of seasonal fluctuations, and rapid growth of microorganisms on
inexpensive media (Ibrahim C.O., 2008 and Fang et al., 2009). Lipases are produced by a
widespread number of microorganisms, including bacteria such as Bacillus sp.

Pseudomonas sp. fungi such as Aspergillus sp. Rhizopus sp. and yeast such as Candida
sp. Among them, Candida rugosa lipase (CRL) is one of the most commonly used (Rahman



et al., 2005) enzyme in organic solvent owing to its high activity in hydrolysis, esterification,
transesterification and aminolysis. Due to the wide variety of environmental conditions,
lipases are often easily inactivated, difficult to b-a separated from the reaction system for
reuse and high cost. Utilization of lipase as a catalyst for biodiesel production is a clean
technology due to its non-toxic and environmental friendly nature. Byproduct glycerol, can

be easily recovered without complex processing and free fatty acid contained in waste oils

higher cost than alkaline o i€ gatalysist Consequently, the further industrial
applications of lipases are Jiffitgll e synihetic ulility.of pase can be greatly improved by
immobilization which haS begorge & widély used tachnigque [0 overcome practical problem

in the use of crude lipasef{Lei®! &l. 2%' ny méthods have been developed for
immobilization of enzymes a ods, especially adsorption may
have a higher commercial pofe S because adsorption is simple, less
expensive, and high catalytic aclivily.£an ¢ - . tained (Gitlesen et al., 1997, Xu et al.,
2006 and Chang et alg2007). From transesterification process oy product glycerol is

hydrophilic and insolu bfein th ; a.} 0 the surface of the

i , .
immobilized lipase leading to negative effect on lipase activity and operational stability

R T T
A I AT T

stability and operational lifetime of lipase can be enhanced (Yang et al., 2006). One
account of the relatively high surface hydrophobicity of lipase, simple adsorption of lipase
on suitable hydrophobic support has been the more popular strategy over covalent

conjugation methods (Petkar et al., 2006). There are varieties of support materials such as
chitosan (Amorim et al., 2003, Feresli and Ferreira, 2007 and Ye et al., 2007), silica (Blanco



et al., 2004 and Blanco et al., 2007), CaCO, (Rosu et al., 1998 and Ghamgui et al., 2004)
that can be used for lipase immobilization and greatly improved the stability of enzyme.
They also showed great potential for the production of biodiesel with the 70.2% t:umr'arsinrn
rate remained after 19 consecutive batches of reusages (Yang et al., 2006). When an
immobilization of Candida rugosa lipase by adsorption on bentonite was studied (Yesiloglu
was about 45 min, whereas for the soluble
studies have shown that many factors

Y, 2005), the half —life of the immobilized e

free lipase was 17 min at 50°C. -;\ \\\ :
can affect the activity recove .______ sabili in immobilization process. Some
of the most important factors arg e proparties @ *‘m me molecule, concentration of
enzyme, temperature, ion ort, the selection of an
immobilization strategy, waler and Solutes prese Cruz'etal., 2009).

Since the immobili ‘ ' depends on various factors, this
study focussed on the Opting
on hydrophobic supportsor e . oll with methanol. Subsequently,
the optimal conditions (addifion nethanol, enzyme loading, water
content, time and temperature obilized lipases for the conversion to

biodiesel were invasligatad.

V—' ')
1.2 Objectives of this
The aim of this s - was to investigat ﬁwuphmafmmﬂﬁmforimmblllzahmnf

L WW%’W il A

1.3 Scopes of iha investigation

% W\ﬂ'ﬁﬁf’?ﬂ PR IAR 4 o

To determine the optimal conditions for the immobilization
1.3.3 To select the potential feedstocks from non-edible and waste plant oils to be
used as the optimal substrates for the production of biodiesel by

transesterification.



1.3.4 To determine the optimal conditions for transesterification catalyzed by
obtained immobilized lipase for the production of biodiesel

1.3.5 To compare the yield of biodiesel from transesterification catalyzed by 2
commercial lipases, Novozyme435 and Lipozyme RMIM with the obtained
immobilized Candida rugosa lipase

1.3.6 To determine the stability lized lipase

1.4 Expected results

This research will
to be used as the optimal subs ,
The present work also offeggdhie iyné oihydiophebic suppor suitahieferﬂmupﬁml
udlml from optimized

T non-edible and waste plant oils
ndiesel by transesterification.

immaobilization of lipase fromuC:
transesterification will al€0 bt

1.5 Thesis organization

This thesis consists of |
Chapter 2 gives the theoretical and lilsralure n
methods. The results ¢a I

8 ptﬂl' 1 is the introduction.
Chapter 3 comprises material and
nal Ehapter contains the
Y |

discussion and concl !!“'

]

ﬂ'lJEl’JﬂEWlﬁWEI']ﬂ‘i
Q‘W’mﬂﬂ‘iﬁu AN Y



CHAPTER I
THEORETICAL BACKGROUND AND LITERATURE REVIEWS

2.1 BIODIESEL
The raw materials for the production of biodiesel, fatty acid alkyl ester, include

biological sources such as vegetable oil, animal fat and recycle cooking grease or oil.

as shown in Table 2-1.
Table 2-1. Comparati

Biodiesel
Fuel Staags \ ASTM DE751
Lower Heafing/Vailief Btu/gal _' 129,04 ~118,176
Kinematic 4.0-6.0
Specific Gray 0.88
Density, Ib t 155 7.328

sity, Ib/gal ez

Water and Sedimenit;woi%- 3 i 0.05 max
Carb ‘_*I. [ i, i
Hyﬂ 0 L,r._ 12
Oxygan.yd WV 11
Sulfur, wt%,; 0.05 max 0.0 to 0.0024
ﬁ%‘swﬂmwmm s
FI8&h Point, °C Eﬂtuﬂﬂ 1ﬂﬂta1?ﬁ
Pour Point, ° -35to-15 -15t0 10
Cetane Number 40 - 55 48 - 65
Lubricity SLBOCLE, grams 2000-5000 >7,000
Lubricity HFRR, microns 300 - 600 <300

From Dwivedi et al., 2006



2.1.1 Sources of raw materials

The feedstocks employed in biediesel production are generally classified
into vegetable oils, animal fats, and waste oils (Jeong et al., 2009). Only oils from
plants which are renewable, potentially inexhaustible source of energy and
abundant or can be collected in a large amount with an appreciable quantity of oil

are feasible to use for biodiesel preparation (Winayanuwattikun et al., 2008).

" . - i i J 1 e
(Dizge and Keskinlerr2008), rapeste mmmﬂ. 2001), sunflower (Antolin

2.1.2 The production of -m..’ :

diesel engine fuet aimhigher levels of unsaturated

and saturated fatty ‘gcids. They can not be used as fuel in a diesel engine in their
F-% L7

original ﬂﬁqﬁﬂuw wﬁmﬂﬁfm acid content of
such oil, ag well as gum formation due to oxidation and polymerization during

rags’ o ‘ .ﬁl} icati ‘f ing are some of
E0 MRV PRI N 1N 1]
Demirbas A., 2003). Consequently, considerable effort has gone into developing
vegetable oil derivatives that approximate the properties and performance of

hydrocarbon-based diesel fuels. Problems encountered in substituting triglycerides

for diesel fuels are mostly associated with their high viscosity, low volatility and



polyunsaturated character. There are various ways to produce biodiesel (Demirbas
A., 2009) as follows:

2.1.2.1 Direct use and blending
Vegetable oil can be directly mixed with diesel fuel and may be used

for running an engine. The blending of vegetable oil with diesel fuel were

experimented successfull afious researchers. A diesel fleet was
powered with a.blend of 95% i€t used conkmg oil and 5% diesel in 1982.
A blend of 20%eiband 80% ' diese =t to be successful (Narayan et
al., 1996). 100% vegetable oil was also
possible with A ihe fuel system. The high fuel
caused the wil {\r e use of pure vegetable oils

as fuel vi s. Micro-emulsification,

pyrolysis &
problems engo {ﬂ i ¢l vistosity (Ramadhas et al., 2004).

4 dies used to solve the
Y 5

2122Pymly5|s ‘%,u

f vﬁ d by application of heat to

*

get simplé Boind. The process is also
known a@racking; vegetable'olls'Can be Cakﬂﬂ to reduce viscosity and
improve cetdne,number. The prpgucts of cracking include alkanes, alkenes,

eﬂ carpiic e, Bovdepar of fltnsdeh b Japoseed o anc oer

re successfully cragked with apwpnata catalystﬁy) get biodiesel (Ma
q Wﬂﬁ AT N RGN EY Yighforsico wer
achieved due to reduction in viscosity. Disadvantages of this process
include high equipment cost and need for separate distillation equipment for
separation of various fractions. Also the product obtained was similar to
gasoline containing sulfur which makes it less eco-friendly (Ma and Hanna,

1999)



2.1.2.3 Microemulsion

To solve the problem of high viscosity of vegetable oil, micro
emulsions with solvents such as methanol, :alahanol (Demirbas A., 2009),
propanol (Ranganathan et al., 2008) and butanol have been used. A micro
emulsion is defined as the colloidal equilibrium dispersion of optically
isotropic fluid microstructures with dimensions generally in the range of 1-

150 nm formed spontanec normally immiscible liquids and one

These can improve spray

oo the low boili tituents i
W‘ e low boiling constituents in
5 \\\\\\% hexanol and octanol will meet

“‘U‘ ines.

ducing biodiesel is the
transesterificali Vegetable.oils. Bic a\ 2| obtained by transesterification
process is a mi; t. of higher fatty acids.

Tranaast&riﬁcahnl is-the 3 raf triglyceric esters resulting in a

mixture of o es g d the sequence of processes.
]

_ moved and hence the product

has low vig€osity like the fossil Tuels. The mi)ma of these mono-alkyl esters

can thereforé be.used as a substitute for fossil fuels. The transesterification

ﬁl el 4 Aot $14ai sdo b doing a aat cotat,

ac catalyst, biocatalyst, heterogenegus catalyst or using alcohols in their

A ol o e HRAAARIA o0

potassium hydroxide (KOH) (Leung and Guo, 2006, Sharma and Singh,

The highsis

2008 and Tiwari et al., 2007) is used as a catalyst along with methanol or
ethanol. Initially, during the process, alcoxy is formed by reaction of the
catalyst with alcohol and the alcoxy is then reacted with any vegetable oil to
form biodiesel and glycerol. Glycerol, being denser settles at the bottorn and
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biodiesel can be decanted. This process is the most efficient and least
corrosive of all the processes and the reaction rate is reasonably high even
at a low temperature of 60 °C. There may be risk of free acid or water
contamination and soap formation is likely to take place which makes the
separation process difficult (Ma and Hanna, 1999; Fukuda et al., 2001;

. The second conventional way of producing
catalyst instead of a base. Any mineral

Barnwal and Sharma, 200

biodiesel is the applic

. The most commonly used acids
2004, Ghadge and Raheman, 2005,

acid can be
are sulfuric acid {Ramz

Tiwari et al 200 L@nd Cua '- I, 2009); sulfonic acid (Guerreiro et al.,

2006) and I, 2007). Although yield is high, the acids,
being corrg 0t uimnantandtheraacﬁmrata
was also objg oW

o

Iy T ‘!
It has been @cently folnd that énZymes such as lipase can be used to

catalyze transesterificalion preeess obilizging them in a suitable support. The

advantage of immobilization me can be reused without separation.

L= e

Also, the operaling v fapproximately 50 °C)

§
AULINENINYINS
RINNTUUNININY
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Table 2-2. Comparison between alkali-catalyzed and lipase-catalyzed methods for
biodiesel production

alkali-catalyzed process lipase-catalyzed process

Reaction temperature 60-70 °C 30-40 °C
Free fatty acids in raw material Saponified products Methyl esters
Water in raw materials Interference with the reaction No influence

Yield of methyl esters Higher
Recovery of glycerol Easy
Purification of methyl este None
Production cost of catalyst Relatively expensive

From Fukuda et al., 2001

2.2 Lipase
Lipase, triacylglycérol onstitutes a group of enzyme
5 in tri-, di-, and monoglycerides

i Chaabouni et al., 2008) and

whose natural catalytic fu
(Villeneuve et al., 2000, Ciha

variety of compounds ccn!amlng i ;#? pieties that are not acylglycerols. Lipase

and phospholipase natua
only at the lipid-water V
interfacial activation mmrﬂer for each Specilic lipase. Fm&ha EC number of lipase,

,_:i:' their activity use maximum

51 " que property known as

3.1.1.3, whose cumpunantf imdicate the following ﬁmﬁ of enzymes:

PILEER) Y] Ebonea £ 17173

AN aﬁ%&zﬁﬁﬁ%ﬁﬁm g

2.2.1 Source of lipase

Lipases from a large number of plant, animal and microorganism (Villeneuve

et al., 2000, Deng et al., 2005 and lbrahim, C.0., 2008) sources have been purified
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to homogeneity. Lipases isolated from different sources have a wide range of
properties depending on their sources with respect to positional specificity, fatty
acid specificity, thermostability, pH optimum, etc (Hasan et al., 2006). Microbial
enzymes are often more useful than enzymes derived from plants or animals
(lbrahim, C.0., 2008) because of their production is more convenient and safer, the
great variety of catalytic activities available, the high yields possible, tend to have

neutral or alkaline pH opti (\ 2 ’“ ic and environmental manipulation to

increase the yield of ce ‘”-‘~=-., 0 absence of seasonal fluctuations
and rapid growth of MIEFGBIGanisIS nwmaﬂia (Hasan et al., 2006).

2.2.2 Lipase produg
Both intrace, a produced by microorganism.

Lipases are prodUce: _ croorganisms, bacteria, fungi

and yeast. In parli€uls prodiited by bactefia such as Pseudomonas sp

- ngi belonging to the genera

t such as Candida sp. are well-

(Karadzic et al., 200
Penicillium, Rhizopus &r _
known industrial lipase ”’ﬂj - 7
The ygasi.Candida rugosa (previously'named, Candida cylindracea) is a
major source & -.——" & by various laboratories

and industrial apg matmns and classified as a non-specific lipase with respect to the

ek 2] ki34 Fina o s
recently eneous mixture of

different pmtalns since C. tﬁa synthesises:and secretes miliiple lipas

e G0 S BT S e

andGago 1999).

2.2.3 Lipase property
Lipolytic reactions occur at the lipid-water interface, implying that the

kinetics cannot be described by Michaelis-Menten equations, as these are valid
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only if the catalytic reaction takes place in one homogenous phase. Lipolytic
substrates usually form equilibrium between monomeric, micellar and emulsified
states, resulting in the need for a suitable model system to study lipase kinetics. The
monolayer technique has been used extensively and, more recently, an oil-drop
technology has been put forward in which lipase kinetics are monitored by
automatic analysis of the profile of an oil drop hanging in water; the decrease in the
ar caused by lipase hydrolysis is

interfacial tension between \\{( /

measured as a functiomellime. The besFha phenomenon emerging from early
kinetic studies of lipBIHE Teactions ws ‘interfacial activation’,
describing the fact thatthe® / | ﬂ\ '-‘!?gi: towards insoluble
substrates that forg; 3ign. 1=~¢;\\\\\:\"';\ to esterases, were therefore
A \ :

defined as carboxyiéstafses acing-on amulsified substrates.

NE V)

&‘ﬁ"' l..- \
2.2.4 Enzymatic réac li .

gy

4 | e

Lipases are ubif ';* rymes bf considerable physiological significance
Py et .
and industrial potential. Lipases catalyze the hydrolysis of triacylglycerols to glycerol
= 1 .-‘j".-‘.nt} .
and free fatty agid ntrast to estel es afe activated only when

adsorbed to a n} —water interface and « ly7q dissolved substrates in the

bulk fluid Wakhlgr al.
and long-chain fatty Eds such as !nu in and tripalmitin. Lipases are serine

v 4 1 o i s

substrate8{Sharma et al., . 2001).

A RAIRET TR NI TR~

important one is in the production of fine chemicals and oleochemicals. The

products include fatty acids from hydrolysis of lipids, esters or glycerides via

| s’pl@mulsiﬁad esters of glycerine

esterification reactions and modified lipids and structural triglycerides via the
transesterification reactions, namely acidolysis, alcoholysis and interesterification
(Ibrahim C.O., 2008) (Figure 2-1).
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2.2.4.1 Hydrolysis
0

R-!-n-n' +HO —» R-!-OH + HO-R’

2.2.4.2 Esterification
(o] 0
n-!a-n- + HO-R’ n-!—u-n- + H,0

@um:.aﬂmwmn;
o QAR SR A s s

Due the wide variety of environmental condition, lipases are often easily
inactivated and difficult to be separated from the reaction system for reuse.
Consequently, the further industrial applications of lipase are limited. By an
appropriate choice of the immobilization process, operational costs of industrial
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processes involving lipase can be significantly reduced (Hung et al., 2003 and
Chang et al., 2008)

2.2.5 Applications of lipases
Lipases are widely used in the processing of fats and oils, detergents and
degreasing formulations, food processing, the synthesis of fine chemicals and

pharmaceuticals, paper manifacture 2ud production of cosmetics, and

pharmaceuticals (Cihangir & 16l Sarikays Dandavate and Madamwar, 2007
and Rajendran et 412008 : cawﬂﬂﬂhﬂﬂﬂ the degradation of
fatty waste (Masse

2.3 Immobilization

Research and \: ing array of support materials

and methods for immobiliz&tion U «pé \‘ be attributed to developments

i\

provide specific improveme icati \ prisingly, there have been few

detailed and comprehensive gt obilization methods and supports.
Therefore, no ideal support materigi & mobilization has emerged to provide a
standard for each tyne 8fimmobilization. Selection of supBos{jaterial and method of

o~

‘1-1 against the properties, limitatiog I , characteristics of the

immaobilization is made v and required features of the

enzyme and cell applica

combined immo ﬁzl A iu ﬂmﬁe hould be considered
before embarki ilized enzyme or cell

preparation is fit far the planned purpoSe or applicatien and will operatesat optimum

ot Wi lhdoesbrd o 0 il cnploabain o

support and method of immobilization.

2.3.1 Choice of support
The characteristics of the matrix are of paramount importance in determining

the performance of the immobilized enzyme system. Ideal support properties
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include physical resistance to compression, hydrophilicity, inertness toward
enzymes ease of derivatization, biocompatibility, resistance to microbial attack, and
availability at low cost.

Supports can be classified as inorganic and organic according to their
chemical compesition (Table 2-3). The organic supports can be subdivided into

.,

natural and synthetic pol

Table 2-3. Classificati

Organic .,1\11
Natural polymers ‘\\\\\
- Polysacchari : ; e ".\ Jarose, chitin, alginate
- Protein: collag i [ "ﬁ" 14 ' \
- Carbon :
Synthetic polymers
- Polystyrene __
- Other poiym slyacrylamide, polyamides, vinyl
and allyl-polyme .’ﬂ

e AR AT HANA TR YA e

oxides

The physical characteristics of the matrices (such as mean particle diameter,
swelling behavior, mechanical strength, and compression behavior) will be of major

importance for the performance of the immobilized. In particular, pore parameters
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and particle size determine the total surface area and thus critically affect the
capacity for binding of enzymes. Nonporous supports show few diffusional
limitations but have a low loading capacity (Oztiirk et al., 2007). Therefore, porous
supports are generally preferred because of the greater protection from the
environment. Porous supports should have a controlled pore distribution in order to

optimize capacity and flow properties. In spite of the many advantages of inorganic

i .g., hi ility agains p i hemical, and microbial degradation),
most of the industrial apphications ith organic matrices.
— ——

Enzyme immebilizétion lechiology may b 2 ar effective means to perform
enzyme reuse and tafimpfayelis activity and stability (Chang et al., 2008). A

number of methad foj )l aiian 12ymes have been reported in the
' . ' g material, covalent linking to

an insoluble carrier @ni@pping enzymes ithif the matrix and encapsulation in gel

= x|
dla ast method and involves

rmrarsiblmurfnce interactions between

cell and support material.
The forces iﬁﬂb‘ed are mnsﬂy éléctrostatic, such as Van der Waals
ORILIAR LR ATl o
I:W?BHBUU'B et al., 2000 ) although hydeophobic bonding.can be significant.

o Vi bn{dewbloadbiicanl/ b pifoilo oo

reasonable binding. For example, it is known that yeast cells have a surface

chemistry that is substantially negatively charged so that use of a positively
charged support will enable immobilization. Existing surface chemistry
between the enzyme/cell and support is utilized so no chemical
activation/modification is required and little damage is normally done to
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enzyme or cells in this method of immobilization. The procedure consists of
mixing together the biological components and a support with adsorption
properties, under suitable conditions of pH, ionic strength and others, for the
period of incubation, followed by collection of the immobilized material and

extensive washing to remove nonbound biological components.

2.3.2.2 Covalent linkage

_ tion involves the formation of a covalent
nzyme material. The bond is normally
gr@t on the surface of the support and
idues on the surface of the
al groups are suitable for
ALDED Ose that are most often involved
are the aming ggup (NT1) of lysine orarginine, the carboxyl group (COH)
xyl group (OH) of serine or
threonine, @hd fhe sulfydiyl @roup (SH) of cysteine.
ch nethod that will not inactivate the enzyme
active site. So, if an enzyme employs a
icipation in catalysis, itis wise to
e

choos s for the covalent bond with the

suppunmhemucal methods of cmsslmhm ormally involve covalent bond

ULeVIE eV}l A
WSSy
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2.3.2.3 Entrapment
Immobilization by entrapment differs from adsorption and covalent

binding in that enzyme molecules are free in solution, but restricted in
movement by the lattice structure of a gel. The porosity of the gel latlice is
controlled to ensure that the structure is tight enough to prevent leakage of
enzyme or cell, yet at the same time allow free movement of substrate and
product. Inevitably, the support will act as a barrier to mass transfer, and

although this can haye sédgus implications for reaction kinetics, it can have

ages since har protein and enzyme are prevented
from interacion Willtthe in @ocataiyst. Entrapment can be
achieved BY muangait enzyme with.a polyionic polymer material and then
cross linking t calions in an ion-exchange

reactioro fy e strushure that {raps the enzyme or cell (ionotropic

gelationy@Altginali@ly, Tis Possibleto mixthe enzyme with chemical

monomers thal ag .l'h e a cross linked polymernc

network, trappigh QE
Rl \

latter method #€ DpTEwide a number of acrylic monomers are

available for tha : 7i iy
232 V"—-" tion D Y]

= ! apsulation of enzyme and or cm can be achieved by enveloping

Ej 3!0'0{{? 0 nﬁ.ﬂm ﬁ}ui emi permeable
sﬁﬂ ﬁ: nzymes and cell are free

in soluhon but restrictéd in space. Lasge proteins orignzymes cannol pass

titial spaces of the lattice. The

hilic copolymers.

q W r] @‘atﬂgmﬂ wﬂf}gbmtg rlla’talis can pass freely

across the semipermeable membrane. Many materials have been used to
construct microcapsules varying from 10-100 pm in diameter; for example,
nylon and cellulose nitrate have proven popular. The problems associated

with diffusion are more acute and many result in rupture of the membrane if
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immobilized cell or enzyme particle may have a density fairly similar to that

of the bulk solution with consequent problems in reactor configuration, flow

dynamics, and so on.

Since most enzymes applied for industrial uses need to be immobilized in

order fo be reusable and therefore reduce the cost of the operation, there are many

methods to immobilize enzyme. Each method provides different advantages and

disadvantages depenﬁmg P

Table 2-4. Compaiaiive el

Characleristics

Preparalion

Cost

Binding force

Enzyme leakage

Applicability

Running problems

Matrix effects

e as shown in Table 2-4.

ﬂﬁmﬁun of enzyme

Entrapment

Membrane

confinement

y

Large diffusional barriers ¢

weostpriofi ) o ﬂ NENENNE

Simple
High
Strong
No

Vary wide
High

No

Yes

Yes

| W%i SRR G

optimum pH, affinity to substrate and stability.

After immobilization of lipase, changes were observed in enzyme activity,
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2.4 Literature reviews
The extent of immobilization changes depended on the source of enzyme, the type
of support and the method of immabilization. (Bayramoglu and Arica, 2008)

2.4.1 Review of lipase immobilization
From previous literature, studies on different support materials and protocols

for lipase immobilization and the effects of operational conditions on the enzyme

authors found that'pHl £ or immobilization C.rugosa lipase
adsorbed on A li ‘k\\\\"ﬂ‘- olysis of racemic Naproxen
methyl ester (TaKac afid/Bakkal, 2€ 0%).

. om Penicillium expansum on

Huang

biomodal ceramigfoam dalerm ) erable immaobilization conditions.
A
S 12 .. ase were found at pH 8, 12 g lipase/g

b&lizing temperature (Huang and

The optimal conditi
support, 4 hr immobi n Alrpe 2
Cheng, 2008).

Cha é _ ibase by adsorption on Celite.
The immobilizz condil ..T"‘. e immobilized enzyme were

investigated. phmum immaobilization cundltnﬂ were as follows: immobilization

time 59. rﬂ: ? e support ratio 0.5
(wiw): Rﬁlu mm ﬂhs‘]ﬂ ﬁ:-‘ rotein with activity

ield of34 1% { han er al., 2007
ﬁ W‘;;l al ﬂm :llgi nﬂr]\acﬂlanﬂy on bentonite.
The authors found that the optimum pH of bentonite-immobilized lipase was 7.5,

which is slightly higher than the free enzyme, the value of the pH 7.0 (Yesiloglu Y.,
2005).
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Gitlesen et al. immobilized different lipases by adsorption on polypropylene
powder. The adsorption of lipase from Candida rugosa lipase was better than other
sources of lipase. Adsorption of a crude lipase from Candida rugosa was fast and
equilibrium was reached in 30 and 100 min for protein and lipase activity adsorption
respectively (Gitlesen ef al., 1997).

Lei et al. immobilized porcine pancreas lipase by covalent on magnetic

microspheres. The authors found that the activity yield was up to 63% (+2.3%) and
enzyme loading of 39 (+0.5) mals rt. The resulting immobilized lipase had

higher optimum tem nose of free lipase and exhibited better

 from Candida sp. 99-125 by physical
adsorption onto mag resiffs (suc \ A-9, AB-8, H103 and D4020). They
ecause 98.98% degree of
,adsorbed on NKA in heptane to
produce biodie .&»Q Ve on % ed 97.3% when the three step
methanolysis protagol Was E;;ggJ‘ g et al.;2006).

Ye ef al.immebilizad fipase f aridida rugosa by adsorption and

agan-mod

chemical bonding onto aoly (acryonitrile-co-maleic acid)
ntion of the imdobilized lipase on the chitosan-

membrane sugfac
‘~.
tethered membrane by ac : han that by chemical bonding

(44.5%) (Ye ef l 2006).
¢ QU
rrilh I3 Al rIn T B
Pseudam ens a tic nto chitosan and
. MFRISTTB LM (1 WF) N
Qm direct es lii[} eic a ano uce the ethyl

oleate. The immaobilization of lipase from Candlida antarclica B onto untreated
chitosan powder led to 75% conversion of the fatty acid in 24 hr of reaction.They
concluded that Candida anfarctica B was the most active (Feresti and Ferreira,

2007).
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Authors/year

Oillenzyme Technique employed

Watanabe ef al. (2000)

Samukawa et al. (2000)

Ban et al. (2001)

Iso ef al. (2001)

Shimada et al. (2002)

Bako ef al. (2002)

Du ef al. (2004)

Vegetable oil, Novozyme
435

Stepwise addition of methanol

Soybean oil, Novozyme
435

Stepwise addition methanol and
preincubation of enzyme in methyl oleate and
soyabean oil

Vegetable oil, Rhizopus
oryzae

Stepwise addition of methanol and
application of glutaraldehyde for stability of
enzyme

Butanol was used as an acyl acceptor and no

"Y' Isolvent was used
TH

Triolein, Pseudomonas
flourescens

Waste cooking oil, Stepwise addition of methanol

i

Novozyme 435

Sunflower oil, Noﬂ,u E] ’Ju mr&l V] 3 WH ’] ﬂs wise addition of methanol and removal of

glycegpl, by dialysis

o o @R 1) B8] 11111 71 I B o o

acetate had no inhibitory effects was used

£¢
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Authors/year

Qillenzyme

Technique employed

Xu et al. (2004)

Li et al. (2006)

Royon et al. (2007)

Modi et al. (2007)

Hama et al. (2007)

Dizge and Keskinler

(2009)

Lu et al. (2008)

Dizge et al. (2009)

Soy bean oil, Novozyme
435

Stepwise addition of methanol and removal of
glycerol using the solvent, iso-propanol

Rapeseed oil, Novozyme
435 & Lipozyme TL IM

Combined use of Lipozyme TL IM and
Novozyme 435 along with tert-butanol as
solvent

Cotton seed oil, tert-Butanol was used as a solvent
Novozyme 435
Jatropha oil, Novozyme

435

Ethyl acetate having no inhibitory effects was
used

Soy bean oil, Rhizopus Stepwise addition of methanol in a packed

oryzae ; .‘:'" reactor

Canola oil, Tharmomyc Me r;J Stepwise addition of methanol

lanuginosus ‘

Glycerol mmaataﬂ e step methanolysis in different solvents
" “E"?""“W’B’ ALl

Sunfio dition of methanol and flow rate of
—r A aam N%Wﬁﬂﬂ“ﬁ“@ﬁ’

lanuginosus

124
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Authors/year Oillenzyme Technique employed
Halim, S.F.A. and Waste cooking palm oil, Optimal condition in batch system
Kamaruddin, A.H. (2008) Novozyme 435

Watanabe et al. (2002)

Lu et al. (2007)

Kosa et al. (2002)

Moureddini et al. (2005)

Kamini, N.R. and lefuji,H.

(2001)

Nie et al. (2006)

Gao et al. (2009)

Soybean oil, Candida ~ Stepwise addition of methanol
antarctica |
Lard, Candida sp. 99- #
125

Cotton seed, Candida

anlarctica

n-hexane was used as a solvent

New alcohol type on the alcoholysis

Soybean oil, -
Pseudomonas cepaci = Ethgnet

pee yi 1‘ ‘
Vegetable oil, m fetha T,'j Amount of water in reaction

Cryptococcus spp. S-2

Salad oil, Cand.lm EJ frﬂ;ﬂ V] 5 WB f] ﬂ Ua’tirnal conditions in a fixed bed reaction

99-125

o T P PN 6

Ge
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CHAPTER Il
MATERIALS AND METHODS

3.1 Equipments
Autoclave (T a Chang Medical instrument, Taiwan)
Balance (Sartorius, Germany)
Centrifuge tubes {Oxygen scientific, U.5.A.)
Digital Balance (Satorious, Germany)
Desiccator (Sigma-Aldrich, U.5A.)

‘/‘/‘ (Shimadzu, Japan)
s (Chatcharee holding, Thailand)
. (Shimudzu, Japan)
IKA Labortechnik, Malaysia)

io Lab Limited Partnership)

Magnelic stirré
Magnelic bar
Microcentrifuge A : L\ al Medical Instrumentation, USA)
Microplate specyimale _ \ (BMG Labtech, Germany)

Microrefrigerated génigfgetitiokiel (Eppendrof, UK)
pH meter (Model 250, Denver Instrument)
Rotatory evaporator BUCHI Labortechnik AG, Switzerland)

UW-VIS speciiophe (Thermo scientific, UK)

Vacuum ; cianﬂﬂc industries, USA)
Vortex -I (Scientific industries,)
W

Whatman No.1 {(Whatman, England)

Watm’ﬁlu El fJ qn EW]TW El/] ﬂr? Instrument, Thailand)
W’W AINTUUAITNY VA B

,ﬁucylgryc:emls standard (triolein, diolein and monoolein) (Sigma, USA)
Amberlite XAD 2 ({Rohm and Haas company, U.5.A.)
Amberlite XAD 4 {Rohm and Haas company, U.5.A.)

Amberlite XAD 7 (Rohm and Haas company, U.5.A.)
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Amberlite XAD 16 (Rohm and Haas company, U.S.A)
Amberlite XAD 761 (Rohm and Haas company, U.5.A)
Bovine serum albumin, BSA (Merck, Germany)
Bradford's reagent (Biorad,U.5.A)
Butanol {Carlo erba, Italy)
Candida rugosa lipase type Vil (Sigma,U.5.A.)
Di-potassium hydrogen phosphate (Scharlau,Spalin)
Eicosane ' (Aldrich,Germany)
Ethanol (Lab scan, Thailand)
Ethyl acetate (Carlo erba, Italy)
Ethylene glycol (Lab scan, Thailand)
Formic acid {Lab scan, Thailand)

Glacial acetic ar {Labscan, Thailand)

Hexane (Labscan, Thailand)
Isopropanal: {Lab scan,Thalland)
Lipozyme RM | (Novo Nordisk, Denmark)
Methanol {Labscan, Thailand)
Novozym 435 (Novo Nordisk, Denmark)
Oleic acid (Sigma, USA)
QOleic acid ey (Sigma, USA)
Paim oil ;r Y kMorakot industry, Thailand)
Potassium di-yfirogen phe 1 (Merck, Germany)
p-nitrophenyl paljitate: (Sigma, U.S.A))
Sepatﬂu‘dm VII E] ﬂ j w E}s’]bﬂ %mlc&l corporation, Italy)
Sepab s EC-0D tMItsubIshl chamicﬂ corporation, Italy)
PIENIONININYI A o
' (Scharlau,Spain)
Seodium dodecyl sulfate, SDS (Sigma, U.S.A)
Sodium hydroxide (Merck, Germany)
Sulfuric acid (RIEDEL-DE-HAEN, Germany)
Tris (hydroxymethyl) aminomethane {Scharlau,Spain)



Triton x-100 (Scharlau,Spain)

t-butanol (Carlo erba, ltaly)

Tween-80 (Lab scan, Thailand)
3.3 Data analysis

Statistical analysls program (Graph Pad InStat3)

Graph analysis program (Graph Pad Prism4)

GC data analysis program (GC-solution solfware version 2.30.00 su6)

HPLC data analysis progra

Vﬂi{é (LC solution software)

and the resulls were presented as

3.4 Research

All experiments ‘// \T\QNQ

mean values, The rese
\\\
r _
y epl :

methanol. Fhe " e

3.4.1 Immobil
341,

ding 1 g of support powder in 3 ml

at 350 rpm at room temperature.

- =

After 30 min f'” om the reaction and supports were

washed with 20 mb priesphia pH 7.5 and kept stirred at 350 rpm at

roomy-temperature for 30 min 3 imes. Then e supports were separated into 2

\ ') .
groupsLar b d ng at 45°C and the other was
I

: Iyusad for Immobilization.

immed

@um&mw BIN3

The enzyme sqlution was prepared by dissolving,200 mg crude

QW ARABIRHIAGI 75

solution was centrifuged at 5,000 rpm, 4°C for 15 min to remove insoluble
components. After centrifugation, supematant was removed and the protein
content of Candida rugosa lipase was determined by Bradford method. Protein
content was compared with standard curve of BSA shown in Appendix C.
Finally, the volume of lipase solution was calculated for 3 mg/ml of protein. The



supernatant was then brought in contact with 1 g of support. The lipase-
support was stired at 350 rpm for 6 hr at room temperature. After incubation,
the solution was removed from immobilized enzyme and washed with 3 mi of 20
mM phosphate buffer pH 7.5 for 5 min until no enzyme was detected. The
protein content in the solution was then measured.

The amount of adsorbed protein was calculated from the difference in
protein content before and after adsorption. All solutions were quantitated for
protein contents by Bradford method as described in section 3.4.5.2. Then, the

immobilized lipases Wer

enzyme was finallyassayed fof a€liities as described in section 3.4.5.1.

Furlndu \h\\ ave always been immobilized onto

nt to proper support for enzyme
\ NN

Getion: ’ have remarkable influence on the
Ay \\
3.4 .2 Support seleg

in order to sgjict astipt: suildble for hydrolytic activity, 7 types of
supports were used as ,d" Ambeiile WAD 2, Amberiite XAD 4, Amberlite XAD 7,
AD 16, Ambeiite XAD76° 4sEC,0D and Sepabeads EC-BU.
| Y

N\ﬂmry and reusability of
j m nt factors are the

pmpa%'ﬂ:ﬂ m Hmﬂﬂan of enzyme,

temperature and other. In e factofsstudied were a8-follows: pH, ionic

Cx Kby VAL TR 1T -1

insoluble or salld s
immobilizatior™sin

stability and a

Amberite

3.4.3 Optimal Ii“* |
man},r factors affecting the activ
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3.4.3.1 Effect of pH on immobilization

The effect of pH on the immobilization of lipase was studied at different
pH values of buffer ranging from 4.0 to 10.0. The stock solution of buffer was
prepared as 1 M buffer solution. All these buffer solutions were diluted to 20
mM before use which were used to dissolve crude lipase for immobilization
method. The immobilized lipase was assayed by the method described in

section 3.4.5, The result was expressed as immobilization efficiency.

obilization
Blaimed, the following concentrations of

3.4.3.2 Effect of jonie st

buffer al thalbpkswere pra mmiﬁﬂ. 500, 750 and 1000 mM from
the 1M @

e ";// | x\\‘:\

as Immobiliz

e, The immobilized lipase was

4.5, The result was expressed

3.4.3.3 Ejfec
The@liat! o Prote ading \ immobilization lipase was assayed
as 1, 3, 6, B and 10 mg/ml. Amount of

proteins in lipase” = fepared by dissolving commercial crude

Candiga a fipase in the ffier solution from section 3.4.3.1 and
SYERgTTOm- e 34,3 edllpasewaﬁ assayed by the

c saws expressed as immobilization

efﬁ-::lency

Auednsieng.,

er the upnnﬁl H, ionic stiéngth and enzym@Jdbading were obtained

ON AP REEIE LTI} (F1ia Y1 b
investigated. The times of immobilization were performed by checking the
residual activity of lipase solution as follows; 100 pl of lipase solution was taken

for each time of immaobilization for 10 hours at various temperatures namely, 10,



N
20, 25, 30, 40, 50 and 60 "C. The results were expressed as the percentage

of the residual activity of the activity at room temperature (25 )

From the experiment described above, after the optimal period of time
for the immobilization of was obtained, the effect of temperature on activity of
immobilized lipase was examined by checking activity of immobilized lipase
from each temperature of the immobilization. The assay methods for the free
and Immobilized lipase are described in section 3.45. The result was
efficiency.

W

Iﬁ enzyme loading, time and

25 described In section 3.4.3.1-3.4.3.4, the effect of

\

i \ - groups namely, alcohol and

!
: \ ol whereas the detergents were as

expressed as immobilizati

nsisted of methanol, ethanol, iso-

follows: “: Ylene glycol and triton X-100. In addition, the

I af adjyvants were also studied. The
.'.5" 2.5, 5, 10, 20 and 30 %(viv)

.15 ',‘j .25, 0.5, 0.75, 1,2.5, 5, 10and 20

i
g{vfu]. The experimental procedure lo determine catalytic activity of

Rl by in i weseery
ARSI,

protocol described about hydrolysis of pNPP as described in section
3451



3.4.3.5.2 Screening of adjuvant types
When the proper concentration of each adjuvant from the

method described above was obtained, the effect of the type of
adjuvant on the immobilization of Candida rugosa lipase was then
determined. The suitable concentrations of adjuvants were added in to
the enzyme solution for 2 min before contact with support and

expressed as immobilization efficiency of lipase. Transesterification was

performed to confirm the activity of immobilized lipase .The yield of fatty

3.4.4 Transesterification@nd hydiplysis cataly y immobilized Candida rugosa

After th Yay€ Hlions fof iImmobiilza of Candida rugosa lipase were
obtained as deg . activity of immobilized lipase was
investigated. The Jipage 3 nedhby using immobilized lipase
catalyzed transeste & gonditions for transesterification were
as follows; 20 % (whiwBi oil¥e .¢..... =X - e mole ratio of oil to methanol, three
addition steps of methanbiat & Al Burs in 20 mi screw-capped vial. The
reaclions were carriedbut a4l ¢ fo by magnetic stirrer. The conditions for
hydrolysis -—‘:# i 100 % (wiw of oil) water were
mixed well in tf netic stirrer. The yields of fatty

acid methyl ester and fatty acid were datermine:t by HPLC analysis as described in

“”ﬁ‘lJEl’J“ﬂWliWEl’]ﬂ‘i
Wﬁwﬁ?tﬂwﬂwam

3.4.5.1 Enzyme activity assay
Activity of the free and iImmobilized lipase was assayed using 0.5%

(wiv) p-nitrophenyl palmitate (pNPP) in ethanol as substrate. The reaction
mixture consisting of 0.25 ml of 50 mM Tris-HCI buffer, pH 8 containing
immobilized lipase or 25 pl of free lipase was iniliated by adding 0.25 mi of



substrate and mixed for 5 min at room temperature. The reaction was
terminated by adding 0.5 ml Of 0.25 M Na,CO, followed by centrifugation at
14,000 rpm at 4°C for 5 min. The increase in the absorbance at 410 nm
produced by the release of p-nitrophenol in the enzymatic hydrolysis of p-NPP
was then measured.

One intemational unit (IU) of lipase was defined as the amount of
enzyme needed to liberatle 1pmol of p-nitrophenol per minute using p-
nitrophenyl palmitate a

substrate. Calculation for the unit of enzyme activity

e and after immobilization was

T _-H- d. The reaction mixture consisted
d reagent in 96 well plates and

- ;\ .\-‘ minl and later measured for the

e v R\
absorbagfe aff535 nmi S iacda }\ prepared to determine
concentral] oV \ m albumin (BSA) at the concentration
of 0.1-0.6 m@ .f. roteiibound to the enzyme carriers was

determined as reen the initial and residual protein

alc un method was shown in
Y]
U
3453 IWIIzﬁm amniuncy

Y s,,mmm‘m? e
Qmmﬁ“ﬁ‘m‘ﬁﬁﬂ’mma d



3.4.6 Screening of raw materials for feedstock

3.4.6.1 Extraction of seed oil samples
Prior to the extraction process, plant seeds were dried overnight at 100

°C in an oven to remove excess moisture. The dried seeds were then weighed
and ground into fine particles of small size. The oll was then extracted using
soxhlet extraction procedure. 15 g of plant seeds were packed in a thimble and
the oll was extracted with 250 mi n-hexane for 6 hr. After extraction, the solvent

\\\ \§ i by chemical catalysis

. plant olls triglycerides was
: \ éd in the transesterification
inal concentration of 10% w/w based
s an alkaline catalyst. Methanol was

I8 fatjo. The transesterification
.J“ apped vials, mechanically

rl

rre:l and heated in a waler bath fof.24 hours at 55°C. After completion

cﬂgﬁl 5 lziei fro erl on and centrifuged at
ﬂ u "lilaﬂm 'ﬁ ﬁ?ﬂf and a lower glycerg|
layer. The upper layer was analyzed by gas chigmatography to

A WA ERGRIBEARH B n s

3.4.11.1. All ransesterification tests were conducted in triplicates.
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3.4.6.2.2 Characterization of oil

The quality of oil is expressed in terms of the physicochemical

properties such as saponification value, iodine value, cetane number

and viscosity (1) by equation shown in Appendix E.

3.4.7 Transesterification catalyzed by immobilized Candida rugosa lipase

Transesterification reactions were carried out in 20 m| screw-capped vial

containing 1 g of palm oil and 20% by weight of the immobilized lipase and later added

hours, The reactions. were magnelic in a water bath for 24 hours at 40°C.
After completion ol feaClign, sam the reaction and analyzed by
HPLC as des

3.4.8 Opti . ’ v i" =" by immobilized Candida rugosa
= \\ \

After the g ‘ :“* ~ _ falion of enzyme were obtained, the
optimized condltiongfofteansesien - 3delermined as follows: addition mode
of methanol, oil: e, water content and reaction time and
temperature.

3.4. #_

Y A
'T; s r sthanol was prepared in 20 ml

.F p bottles containing 0.3 g immobilt

@ﬂ%ﬂ“ﬂﬂﬂmﬂf‘: T
ARTRT mﬂm 1N Y

When the proper addition mode of methanol from the method

&d lipase. Then, 3 moles of

described above was obtained, the effect of oil:methanol molar ratio on
bicdiesel production from palm oil was studied at different ratios of 1:3, 1:4,
1:5, 1:6, 1:7, 1:8 and 1:9. In this study, 20% (w/w of oll) of the Immabilized
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lipase and .5 g palm oil were mixed and different ratios methanol were

added into the reaction using the obtained optimal addition mode of methanol
from section 3.4.8.1. Experiments were carried out for the reaction periods of
24 hours and stirred in a water bath at 40°C.

3.4.8.3 Effect of Enzyme loading
When the proper addition mode of methanol, oil:methanol molar ratio

from the method described above were obtained, the effect of enzyme loading

studied. This expenment Wae £luflledl by adding 0.5 g of oll with each amount
of the immao Silized lip: D on. Then, methanol was added into

vanol, and ratio of oil and methang|
ively. The reactions were

at 40°C.

‘methanol, oil:methanol molar ratig
y{tan thy e cribed above were obtained , the
effect of wal€r ogfsaten lig tivity in transesterification reaction was
and 10.0 % (v/v) of the oil. The reaction
urelsivere magnelically stirred in & walkr-bain for 24 hours at 40°C.

A

Yy
a:s:ﬂvmd a nnm.paﬁa

a reaction mixtdtg's were mixed using the optimized conditions

m&l’i HHES ) b v e s areen

pErEtLII’B 30, 40, 5Q; and 60 °C and stirred in a watgr bath for 48 hours to

A WA %d%%@ﬂﬂ%ﬁﬁﬂﬁ}aﬁm e

of samples were taken from the reaction mixtures at 3, 6, 9, 12, 24, 36 and 48

hours.
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3.4.9 Comparative studies of transesterification catalyzed by immobilized Candida

rugosa lipase with Nnvozymu'dl.‘:'ﬁ and Lﬁ:lozyma' RM IM

After the optimal conditions for transesterification catalyzed by immobilized
Candida rugosa lipase wem obtained from section 3.4.8.1-3.4.8.5., lipase activities of
Immobilized Candida rugosa were tested. The selected non-edible and waste plant olls
from section 3.4.6 were used as substrates for transesterification catalyzed by the
optimized immobilized Candida rugosa lipase compared with Nwozyme'alaﬁ and

was camied out as folloWws; 0.5 g of & are added with 30% (whw of oil) of the
immobilized Cang . 5¢ tio of methanol. The addition of
methanol was pe s and continuously stirred at 40°C
for 12 hours. TrERSesET e \:\\mu\!ﬂ‘ arclal Immobllized lipases were
carried out as4éilo " \- with 20% (wiw of oil) of the

d with 1:3 mole ratio of methanal,

g anc 16 hours and continuously stirred

Novozyme® 4
The addition of m
with magnetic stirmgf'a \ ples were taken from the reaction
mixture and later ana sts byIHPLC as described in 3.4.11.2,

34.1n abil . of immob#iced ‘,

b . A
34100
"‘ e thermal stability of immahilizad@ﬂyma was tested by incubating 2

ﬁiﬁﬂ%ﬁﬁ B ST T e s

were determined to olstain proper temperature for the half life of the

QT FIFUA RIS b o
tested by incubating 2 mg of immobilized lipase at that proper temperature as
described above until none of the remained activities was detected. Then, the
residual aclivities were determined as the percentage yield of activity
compared to the activity al the optimum conditions and the half life time (t )
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were calcu ated as shown in Appendix D. The results were expressed as the

percentage of relative of the residual activity and half life time.

3.4.10.2 Repeated use of the immobilized Candida rugosa lipase
3.4.10.2.1 Repeated use on transesterification

The reusability of immobilized enzyme was tested by friplicate
trials of reactions under optimum conditions. The optimum conditions

determined In the present study were 2 g of palm oll, immobilized

ise was dried in desiccator at room
ase was used in the next batch
The residual activity determined
ssed as relative conversion. The

ch was set to 100.

ed enzyme was tested by triplicate
Drnmm}mrmfirr iR .‘ ns The u tEmum cund"jms tn
(7 '] d
i' E [ alr JJ , immobilized lipase content of
!

U% :fwmr of oil) , water content of 100% (v/Aw of oil) and magnetically

SUTEa I 1138171 e
AN 8 SRR

batch reaction with new substrates. The residual activity determined
after complete reaction was expressed as relative conversion to the first
balch set at 100.



3.4.11 Analysis of the fatty acid methyl ester (Biodiesel)
The biodiesel content in the reaction mixture was analyzed using a gas
chromatography and high performance liquid chromatography.,

3.4.11.1 Analysis of the fatty acid methyl ester by GC
3.4.11.1.1 Preparation of sample
Samples were taken from the reaction mixture at specified time

and centrifuged at 12,000 rpm 30 min to obtain the upper layer. The 1

! upper laye: \’“ Wﬂ:ﬂunﬂ and internal standard 10 pl wers
reciselyp we ~~'“'-3- d ﬁ wial,

o, J

3.4 11772 Preparation ¢

TACior blodies + as performed using gas
‘ , \‘m s 2010 series, Japan). Sample

fused silica capillary column
fckness, J&W Scientific, Folsom, CA,
g ef dala were obtained using the GC-
6 (Shimadzu, Japan).
to GC column by an auto-sampler
am was set as follows: an isothermal
he GC oven was heated at 20 °C/min to

ae BEE for 15 min. The temperature
. J“:fr‘-”'- D for 250°C and 300°C,
specﬂvely The falty acids of plan iy seed oil were identified in

ﬂuﬁ‘lwﬂmwmm

11.2Andjshufﬁ?futjranﬂrrmﬁaﬂarhyHPLC

QRS ITITINEIAL, et

and centrifuged at 12,000 rpm 30 min to obtain the upper layer. The 10
pl upper layer, 490 wl chloroform and intermal standard 10 pl were

precisely weighed into 1.5 ml vial.



3.4.11.2.2 Preparation of HPLC
Reaclicn products were analyzed by normal phase HPLC to

separate and quantify the FAME, free fatty acid and acylglycerols. The
LC-20A HPLC apparatus (Shimadzu Corp., Kyoto) was equipped with
Apollo Silica 5U column (250 m x 4.6 mm x S um) from Alitech
(Deerfield, IL) and ELSD-LT Evaporative Light Scattering Detector
(Shimadzu Corp., Kyoto). Two mobile phases were employed: phase A
e, 2-propanol, ethyl acetate and formic acid

B consisted of hexane and formic acid
5 1.5 ml/min and the injection volume
sdl'for the moblle phase involved a linear
inumaslng to 98% (viv) in 20 min.

- \\ ployed for 3 min. Next, the
s Initial enpdilion by passing the A:B, 1:99 (V)

\

34113

the percentage of the actual amount

sy
"f:im

of methyl ester del&t Clion process divided by the theoretical

L e

qua u o) ter. Calci ’ sel yield was described in
Appe T, g ‘

ﬂ ]
ﬂ‘lJEl’J‘VIEWIﬁWEI’]ﬂ‘ﬁ
amaﬂﬂ‘imum'mmaa



CHAPTER IV

RESULTS
4.1 Support selection

Candida rugosa lipases were immobilized on 7 types of commercial hydrophobic
supports namely Amberlite XAD 2, Amberlite XAD 4, Amberlite XAD 7, Amberiite XAD 16,
Amberiite XAD 761, Sepabeads EC-BU and Sepabeads EC-OD. Lipases were adsorbed on

each type of support under the sa and the activity was measured by the

method described in 3.4.1 a

Supports were preparse support powder in 3 ml methanol.
The suspension was keplstifre ' Al ‘ “\&‘\“’\ rature. After 30 min, methanol
was removed from the res 3 / o]els d with 20 mM phosphate buffer

\\\n or.30 min 3 times. After that, the

info 2/0g0ups Sel *_. ”' \\ pretreated by drying at 45°C

and the other was immediatgly uSed forimm 15‘\ hen, crude Candida rugosa lipase

was dissolved in 20 mM phosghate buffer salition, pH 7.5 and the solution was centrifuged

to remove insoluble components. f:
p= s "..H".u:lf '

support and magnetically sti - at ropm temperature. After

as then brought in contact with 1 g of

incubation, the n‘* s removed from : ,: and washed with buffer,
Then, the immobilized [iﬁs&s We ) @-5 in desiccator and the
enzyme was finally assayeil for activities as nhnd in section 3.4.5

ﬂﬂﬁ?ﬂﬂﬂﬁﬂﬂ"lﬂ‘i
QW’W&NﬂiﬂJ AN Y
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Activity yield

=} Dried at 45°C
= Non-dried

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

% Activity yield

Figure 4-1. Yield of activity of e on hydrophebic supports. The
reactions were carried outin a mt pase solution prepared by dissolving
crude lipase in 20 mNgH:o;phat_a idded with 1 g of support and

magnetically stirred fok

I
Figure 4-1 shaweg the activity yields of the lipase from 7 types of hydrophobic

¢ o (¥
suepors. From (AP} VY YT 1Y EJ P oove cioront rosus

they were prepareg from different methods. When the dried supports were used, the result

¢
showed tmumﬂmmwﬁm gfﬂgaw higher
activity yield than the wet supporis. n the wet supports were used, the resulted showed

that Amberlite XAD 2, Amberlite XAD 4, Amberlite XAD 16 and Sepabeads EC-OD gave
higher activity yield than the dried supports. So, from these results, more than 20% activity
yield were obtained when dried Amberlite XAD 7 and Amberlite XAD 761 as well as wet
Amberlite XAD 16 and Sepabeads EC-OD were selected for subsequent experiment.
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Mext, the immobilized enzymes with these supports were used lo catalyze
transesterification for the selection of the appropriate support. The conditions were 20 %
(wiw of oil) immobilized lipase, the ratio of ui! to methanol was one to three and three
addition steps of methanol. The reactions were carried out at 40 °C for 24 hours with
continuous stiring by magnetic stirrer. The results were illustrated in Figure 4- 2 and the
production of biodiesel obtained was expressed as percent conversion. It could be seen
that Sepabeads EC-0D gave the highest °
Sepabeads EC-OD was selected.as th

onversion approximately, 34%. Therefore, wel

ort for the subsequent immobilization.

% Conversion

ation of pairail a loading of 0.20 g

Figure 4-2. Support 5cr&m
immobilized lipase, 1 g oil, fatia,of oil to methafiel was one to three and added into reaction

i3 sps o &mﬁ At 17179
”W‘mmmmma NYIRE

Tha effect of pH, ionic strength, protein loading, immobilization time, temperature

ing on tra

and adjuvants for the immobilization of Candida rugosa lipase onto Sepabeads EC-OD

were investigated. The result for each factor was illustrated in Figure 4-3 to Figure 4-9.
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4.2 1 Effect of pH on immobilization

~ R
E 0.75- ‘ 7.5 3
i1 . i
o y//// &

1"

Figure 4-3. The - activity yield (%) of lipase

immobilization. y dissolving crude Candlida
s pH. Then, 2.5 ml lipase
- C-0D and magnetically stirred

for 5 hours at room (@mgeralure (25°C). Activiliesishown on the y-axis are the means

The activities.of lipase andthe ac ields at various reaction pH were

studied and th ‘-', ""',F,; be seen that maximal

activity was nbm&d

by nearly 3 folds wyen the pH subseq IBI"Iﬂ“uIr rose to 10 since denaluration tend to

oo ) O 48 e 1

umol/min/Gésupport) and achw&y yield (7.5 (.-tll} 06) percent) wem obtained at pH 6 in

QWW Vglahial Wﬂﬁ a iy of paso and

activity yield increased from 0.80 (+£0.04) to 0.93 (+0.02) umol/min/g-support and

: clﬂ pH 6 and started to decrease

2.71 (+0.14) to 7.5 (+0.06) percent when pH equaled to 4 and 6 respectively. From
pH 6 to pH 10, the activity of lipase and activity yield dramatically decreased from
0.93 (+0.02) to 0.37 (+0.02) umol/min/g-support and 7.5 (+0.06) to 3.81 (+0.01)
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percent respectively. The results indicated that immobilized lipase from Candida
rugosa appeared more stable in acidic environments. The optimum pH for the

maximum of activity of lipase was therefore fixed as 6.

4.2 2 Effect of ionic strength on immaobilization

= Lipase Act.
EC-0OD i Activity Yield (%)
1,76+ e
E’n' ! ! L12.5
o -
2 1,26 _.._‘:“! i =10.0 &
:i Pl F g
pa= : el
E 0.765+ - =
:E / . 5.0 :
0.50 E
Soas \ N
0.00F ;u-— -k\l‘h 0 1000 1100
e 'm\!
Figure 4-4. The eiféct 8f ignic strength on the lipase activity and activity yield (%) of

PYEaos PR
lipase immobilization. 3 g.-’lﬂ lipaee se ution prepared by dissolving crude lipase in

s was added to 1 g of Sepabeads EC-

==

buffer solution pH6 at Varips concen

OD and magnetically stisé 2mperature (25°C). Activities shown on

the y-axis are D of three individual evper
Y Vi = X

¢

I
When mggﬁmal pH for immobilization was obtained al 6, the phosphate

buffer, p iquey 4 Mmljvare therefore prepared
to study ﬂmnmrmgimmubﬂm Candida rugosa
lipas oot 0, i i sorbed amount
N MENTRE RN (M3

seen that the activity of lipase increased from 0.61 (+0.09) to 1.50 (+0.13)
umol/min/g-support with increasing ionic strength from 10 mM to 500 mM and
percentage of activity yield increased from 2.46 (+0.53) to 9.62 (+0.38). On the
other hand, when the ionic strength was elevated from 500 mM to 1 M, the activity of



lipase was decreased from 1.50 (+0.13) umol/min/g-support to 0.93 (+0.13)
umol/min/g-support and percentage of activity yield was rather stabilized at
approximately 10 percents. Therefore, the optimal concentration (500mM) of
phosphate buffer pH 6 was used as immobilization of Candida rugosa lipase to
study the effect of protein loading on activity of immobilized lipase.

4.2.3 Effect of protein loading on immaobilization

(a) ”#‘/"

—J
—

i
m@ﬁ-anitu UAINYIAY

Protein loading (mg/ml)
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Figure 4-5. The effect of protein loading on (a) lipase activity and (b) % activity yield
of lipase immobilization. Crude lipase was dissolved in 500 mM phosphate buffer,
pH 6.0. The various quantities of enzyme were added to 1 g of Sepabeads EC-OD
and magnetically stirred for 5 hr at room temperature (25°C). Activities shown on the

y-axis are the means + SD of three individual experiments.

When the suitable pH and ionic strength (500 mM phosphate buffer, pH 6.0)
A

were obtained, the effect of pro 1 loading was later studied. In this study, different
quantities of enzyme ;@37- s Qathe support from 1 to 10 mg/ml and the

results were shown in Eigure 4-5. ft canbe.seen that the activity significantly
t/ [:3 ":'ﬁ,. mel/min/g-support when the protein

/ .:‘ \. aximal activity (5.93 (+0.48)
\\\Q\:\\\ 10 mg/ml of protein (20 folds

)

increased from 0. 48:(%0

loading was increase
umol/min/g-suppoit}

higher compared toff er, when the activity of enzyme

reached 8 mg/ml, thgfac erent from 10 mg/mi of the enzyme.

Therefore, in order o réduceiiie Costdfer further applications, 8 mg/ml was finally

4 " g hed o
used as optimal amount ofgralein loading. Hence, the optimal condition was
e, Ad ,.r,, :

selected as describe dy the effect of time of

immobilizatioffs Y |

y §
AULINENINYINS
RINNTUUNININY
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4.2 4 Effect of immobilization time

110

100 10°¢

20°Cc
25°C
30°c
40°c
50°C
60°C

]
'Y
T
*
L]
=
-

% Residual Activity

80 100 110 120
ature (min)

Figure 4-6. The affect af | / ¢ sidual activity of lipase. 8

g incubated at various

mg/ml of crude Canhdide

- \
temperatures. Residual@clivites o1 fhe y-axis

XDy

ne means = SD of three

LTl

individual experime
affgﬂﬁ J

HEas
The effect of time of imp bi.on activity of immobilized Candida
.-'_',“.',f:_,.:_, --
rugosa lipase was studied by using om the results described
above. The residbal activity ¢ e ed for each time of
immobilization alvarious temperatures as dascn‘bamin 3.4.5.1. The relationship of

<ol arcbdoctos Holpbroboebi e resicuat acvity a

room temperature (25°C). Wheh lipase was jagubated at 10°@ for 180 min, the

ook ilfabe ibarobchaned o 1otk (o Bl rurmermor,

whgn incubation of lipase solution at 20°C and room temperature (around 25 °C), the

the residq.ﬁaciivi ith.immobilizatio®ime at various temperatures was shown in
Figure 4-6. | t
U

results showed that the residual activity leveled off in both temperatures at 6.50
(£0.11) and 7.67 (£0.16) % respectively until 120 min. At 30, 40, 50 and 60°C, the

residual activity of lipase solution gave the similar pattern that they significantly
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decreased from initial time of the incubation to around 20-30 minutes and stayed
unchanged to 60 minutes. Therefore, the optimal time for immobilization was 3 hr,
2hr, 1hr and 20- 30 min at 10, 20, 25 (RT) and 30-60 °C respectively and
subsequently selected for the next exparirnent.namaly. optimal condition for the

temperature.

4.2.5 Effect of temperature on i ﬂizatmn

" Lipase Act.
4 Activity Yield (%)

4- -10.0
'g 2 7.5 §
5 2
!_ = 2 5.0
£ 3
O o
B L2 3
—
0- . . 0.0
60 70
Figure 4-7. and % activity yield of

lipase immub‘ J d in 500 mM phosphate

buffer pH 6.0 and B mg/i 5P m::i@ time for each temperature.

Activities shown o —axls are the means + SD of three individual experiments.,

NN R
T

immobilization of Candida rugosa lipase was determined by checking the activity of
immobilized lipase. From Figure 4-7, it was shown that when 10°C was used for
immobilization, the activity of lipase and activity yield were 2.09 (+0.12) umol/min/g-
support and 6.62 (+0.34) respectively. They considerably increased to 3.47 (+0.37)



umol/min/g-support and 7.93 % (+0.79) respectively, when temperature rose to
30°C. However, when temperature was increased to 40, 50 and 60 °C, the lipase
activity and activity yield decreased dramatically from 2.34 (£0.01) to 1.17 (£0.04)
umol/min/g-support and 5.07 (+0.15) to 3.57 (+0.01) percent, respectively. From ﬂ;e
above 4 optimal conditions, the activities of the immobilized lipase was increased

approximately 3 folds higher from 0.93 (+0.02) to 3.47 (+0.37) umol/min/g-support.

From these results, 30 °C was the 'mai temperature for Candida rugosa lipase

.

Once the oplmalCangitions of & hatebuﬂer,pHﬁ,Bmgfmlnf
Candida rugosafipas nTor i bilization at 80 °C for 30 min were obtained,

AN

examined by using 1"1_: adjuyants spe “ribed in section 3.4.3.5.

andida rugosa lipase was

AULINENINYINS
RINNTUUNININY
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4.2.6.1 Effect of concentration of adjuvant

Table 4-1. The concentrations of various adjuvants with the highest activities
of Candida rugosa lipase solution.

Type of adjuvants | Concentration of adjuvants (%v/v)

iration of adjuvant on activity of
olution W s"studiem)y using optimal conditions
from the results,described abaye. The activities of lipase solution were

Sl g Wt o bl bldous e

cuncenﬂ'atmns as desafibed section3.4.3.5.1. The regults were expressed
VbR e Y kb B o e
various concentrations of each adjuvants were selected from the highest
activity of lipase. Table 4-1 showed the highest activity of each type of
adjuvant. Therefore, the concentration of each adjuvant was used for the

immobilization of lipase to further select the type of adjuvant.
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4.2.6.2 Effect of the type of adjuvant

(a)

Lipase Activity
(umol/min/g-support)

AR ﬂ'ﬁ’g%ﬁ%

Adjuvants

Acﬂvity yield (%)

Figure 4-8. The effect of adjuvant types on the lipase activity (a) and %

activity yield (b) of lipase immobilization. The suitable concentration of each
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adjuvant was added in to the enzyme solution (8 mg/ml) for 2 min before
contact with support. The reaction was magnetically stired for 30 min at

30°C.

When the proper concentration of each adjuvant fromn the method
described above was obtained, the effect of the type of adjuvant on the
lipase was then determined as described
e lipase activity and the % activity

Figure 4-8a and Figure 4-8b.

immeobilization of Candid,

that the highest lipase activity
d when butanol was used as

It showed that the highest %
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Figure 4-9. The effect of immobilized lipase with added various adjuvants on
transesterification reaction. The reactions were carried out in a mixture of 0.5
g of palm oil, 1:3 oil:methanol ratio, 3 step addition mode of methanol and
20% (wiw of ;:uilj immobilized lipase magnetically stirred in a water bath for
24 hrat 40°C. Percent conversion shown on the y-axis are the means + SD

of three individual experiments.

when butanol, {-butan: ritgia=X"100 were used as adjuvants. So,
t-butanol was selectéd as | plimal.adjuvant for the Candida rugosa
lipase immebilizatita 4nd subsequently selected for the next experiment.

From overall resuli ‘e immobilization were obtained

and summarized in Table 4 Iipase activity of the immobilized
lipase was 4.41 umol/min/g-stip 1S 0.15 umol/min/mg-protein, activity

yield was 10.89 percent and W o g of 83.81 percent.
-

Table 4-2. Optimal cu_nd_J pas pbilization

<

»
pH Ik

lonic sih (mM m 500
ﬁﬁ“{fﬁ‘ﬂﬂ%mwmn“ﬁ

ﬂ"lll'l

QW"TW@W UANINYAQ Y

Type of adjuvant t-butanol




4.3 Transesterification and hydrolysis catalyzed by immobilized Candida rugosa lipase

100+

75+

%Conversion
8

Figure 4-10. T n and hy lysis cata by immobilized lipase. The
o\
transesterificatiopffeag e i in a'%tum of 0.5 g of palm oil, 1:3

oil) water were magnehcauy U '*'-? -
..-.-r_-_, dea =

shown on the fjms are the maaﬂg + aam (Vidual expenments.

After the nptimagonditiu'ns )
4.2.1-4.2.6 were obtained, thesactivity of immdbilized lipase was investigated on

vansestoriicaidf b long S o Fbtih b were caed outin'a

mixture of 0.5 g n?'lpalrn oil, 1:3 oil:methianol ratio, 3 step addition moge of methanol and

20 A @b eF ol s Aol G 241 a0

The h}rdmlysls reactions were carried out in a mixture of 20 % (w/w of oil) enzyme and 100

on of Cﬂ;di‘da rugosa lipase from section

% (wiw of oil) water and mixed well at 40 °C for 9 hours by magnetic stirrer in a water bath.
From Figure 4-10, it was shown that 45.23 % (+2.43) biodiesel and 97.21% (+0.69) fres

fatty acid were obtained from transesterification and hydrolysis, respectively.



4.4 Screening of raw materials for feedstock

Biodiesel can be produced from any vegetable oil such as rapeseed, soybean,
cottonseed, physic nut, rubber seed and others. Oils are primarily composed of
triacylglycerols (TAGs), a form of lipid comprised of three fatty acid molecules attached to a
glycerol backbone.

oo | b L[
i i £ [/ [Fmmparaiin Gl
Physic nut 43.75
Pomelo 42.78
Pumpkin 38.12
Rambutan 41.25
Rubber 38.77
Tangerine 29.10
White silk ““mﬁ_t . 29.21
Wild almond " ¢ [ 72.06

AR A2 ’él! Qsl@mﬂm

method. 15 g of plant seeds were packed in a thimble and the oil was extracted with
250 ml n-hexane for 6 hr. The extracted oil was then measured to calculate the

content of oil in the plant seeds shown in Table 4-3. The %oil content from non-
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edible and waste plant seed oils were in the range of 25 in papaya seeds to
approximately 72 dry weight in wild aimond seeds,

4.4 2 Fatty acid composition analysis

Seed oil from nine types of non-edible and waste plants commonly found in
Thailand with oil contents 2 30% (dry weight) were analyzed for their fatty acid

The compgsition¥or varous typas of wasle and non-edible oils is shown in
Table 4-4. From thigflabie 4t Was-cbse = 2 major oil composition in both
non-edible and e major fatty acids content in
both non-edible and was .: ) \ gleic and palmitic acid, while the
latter include lauricy . linolenic, arachidic and behenic
acid. Noticeably, the 3 rmnd were found to be saturated fatty
acids, lauric and myristi ton and umatn had high content of

linolenic acid with-—= I T, Dapa ..i butan, and pumpkin

-’rﬂ,— - )
contained similarhig ¢ obtained fatty acid composition of

i

each non-edible and waste plant oils was then later used to calculate their

sapumﬁﬁﬂtﬂaﬂsn ﬂmwﬂ?er (CN) and viscosity
qmmm;u URIINYAY

The quality of oil is expressed in terms of the physicochemical properties
such as saponification value, iodine value, cetane number and viscosity (7]) by

equation shown in Appendix E. These values established their suitability for used as
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substrates as shown in Table 4-4. From the results, it was shown that the calculated
saponification number (SN), iodine value (IV) ranged from 195 to 204 and 3 to 147,
respectively. Cetane number (CN) and viscosity (77) values among the species
varied from 40 to 66 and 2.29 to 3.95, respectively. The values obtained were used
to predict the quality of oil for use as biodiesel. It was found that biodiesel obtained
from 6 plant species such as white silk cotton, physic nut, pomelo, papaya,

ajor specification of biodiesel standards of USA,

rambutan and pumpkin met the

U

AULINENINEINS
MR TUAMINYAE
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Table 4-4. Fatty acid composition, Saponification number (SN), lodine value (IV), Cetane number (CN) and viscosity (7]) of fatty

acid methyl ester of non-edible and waste plant oils

No.  Common Mame Scientific Name SN Fatty Acid Composition (%)

1 Wild almond Irvingia malayana Oliv, ex 204 3 , 14:0(38.19), 16:0(2.55), 16:1(0.44), 18:0(0.22),
AW, Bann ; ‘ _ Q\ 3), 18:2(0.44)
2 White Silk Cotton Ceiba pentandra (L.) o o 20(0.86), 14:0(0.16), 16:0(24.19), 16:1(0.21), 18:0(4.15),

S\
Gaertn, f \ g, 30

_ 18:2(42.03), 18:3(1.73), 20:0(0.39), 22:0(0.69)

3 Rubber Dipterocarpus 202 ' “ 14:0(0.42), 16:0(9.87), 16:1(0.22), 18:0(5.28),
alatus Roxb. ex G.Don , VAR \‘\\ 76). 18:2(45.82), 18:3(16.12), 20:0(0.14), 22:0(0.09)

4 Physic Nut Jatropha curcas L. 202 10§80 255 SHER 12.0(0.14), 14:0(0.17), 16:0(14.82), 16:1(0.81), 18:0(4.15),

AT
8:1(40.98), 18:2(38.61), 18:3(0.27), 20:0(0.06)

L J"*"F ;‘
5 Pamnelo Citrus maxima (Burm.) 4529 173 01), 34:0(0.14), 16:0(25.24), 16:1(0.17), 18:0(4.25),
Mer. sy F:2043.32), 18:3(200), 20:000.27), 22:000.11)
6 Papaya Carica papaya Linn. i '1- 14:0(0.48), 16:0{17.12), 16:1(0.45), 18:0(2.98),

18 1(?2 . 18:2(4.83), 18:3(0.29), 20:0(0.67), 22:0(0.07)

7 Rambutan Nephelium lappaceum L. ﬁ ﬁs‘n E] {ﬁﬂplﬂrﬁ;n.w:m&m 16:1(0.96), 18:0(7.25),
ﬂ E] V] 72), 18:3(0.26), 20:0(22.05), 22:0(1.34)

8  Pumpkin Cucurbita 95.19 5187 352 12:Q(0.01), 14:0(0.18) 26:0(20.53), 16:1(0.07), 18:0(8.51),
P DuchuQ W'] a ﬂ ﬂ i m u Vi W'a(%aﬂa']aaemﬂ:amm 20:0(0.28), 22:0(0.60)
g Tangerine Citrus reticulate Bidh 118.40 46.48 3.34 12:0(0.01), 14:0(0.03), 16:0{21.67), 16:1(0.39), 18:0(4.03),

18:1(20.98), 18:2(48.00), 18:3(4.45), 20:0(0.24), 22:0(0.05)
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4.5 Optimization of the transesterification reaction

This work purported to study the ability of the immobilized Candlida rugosa lipase
preparation to catalyze the synthesis of fatty acid methyl ester (biodisel). The following six
main variables: addition mode of methanol, oil:methanol molar ratio, amount of lipase,

water content, time and temperature were investigated.

4.5.1 Effect of addition mode of methanol on transesterification

%Conversion

lep l—ﬂhp T—Shp
ethanol
Figure 4-11. The effect of '- e ofi percentage of conversion to biodiesel.
The reactions were canmﬂ;ﬁﬂﬁft'i;, nixture 8£0.5 g of palm oil, 1:3 oil:methanol
ratio with 20% Wi of o} immaobil ipase and conlifuously stirred at 40°C for
e #he means + SD of three

individual expenments

A anuningns. .......
TS S AT

11, it was found that when three mole of methanol were added at once and two
steps, 3.16 % (£2.46) and 4.12 % (13.95) biodiesel were obtained, respectively.
The yield suddenly rose from 4.12 % (1+3.95) to 31.88% (+£3.48) when the adding

step of methanol increased from two to three steps and increased further from
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31.88% (+3.48) to 53.90 % (+0.86) from three to six steps and declined lightty to
50% at 7 steps. The optimal addition mode of methanol for the maximum yield of
biodiesel was therefore fixed at 6 steps and subsequently selected for the next

experiment namely: optimal condition for the oil to methanol molar ratio.

4.5.2 Effect of oil to methanol molar ratio on transesterification

NNEE

% Conversion

¢ s AR

Figure 4-12. The effe anol'ratin on percentage of conversion to

biodiesel. The reactio 0.5 g of palm oil, 20% (w/w of oil)

irmmobilized lipase and 6
___..l I_..lr..."*,-"fl l--.f

stirred at 40 q:lgrzi hr. Percent

de of methanol and continuously

the y-axis are the means

I |
The eﬂat; nf ﬂll to methanol mular ratio on the conversion was performed

at 40 °C, ﬂlﬂ Bw ﬂﬂﬁ[ﬁfﬂ jﬁﬁml] and varying the oil

to methangl molar ratio at the valuas 1:3, 1:4, 1:5, 1:6, 1:7,1:8 and 1:9. Figure 4-

NSRRI T
thnq figure CONVersio ml) was achieve e molar ratio of 1 to

7. From the figure, the percent conversion from 1:3 to 1:7 was approximately 48%
which was not much different. However, when the ratio was increased to 1:8, the

yield of biodiesel was dramatically decreased nearly 6 folds to approximately 8%.
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Moreover, when the ratio was increased to 1:9, the yield of biodiesel was
continuously decreased for 24 folds to 2%. Therefore, in order to reduce the cost
for further applications, 1 to 3 ratio was subsequently used as optimal oil to
methanol ratio from this study. As a result, 6 addition mode of methanol and 1 to 3
molar ratio of oil to methanol were used as optimal conditions for

transesterification to further study the effect of amount of enzyme on conversion.

45,3 Effect of amount of WL’//}emﬁﬁmﬁm

90-
80-
E'm-
2 60~
£ a
£ 40-
O 30+
= 20-
10-
0-

Figure 4-13. TheBTeEI Camai
biodiscel- The reacyons were carried qutin a mixture of 0.5 g of palm oil, 1:3

ait-memaﬁ u ﬁ %% ﬁ% %%};ﬂl ﬁﬁagneﬁcany stirred in a

water batfiat 40°C for 24 hr. P%:cent cnnversmn shown on 'lhE' -axis are the
@W%Mﬂﬁwﬁ%ﬂﬁﬂ N ﬂ t

Since the optimal mode of methanol addition and the ratio of oil to

B on paﬁentage of conversion to

methanol were 6 steps and 1 to 3 respectively, the effect of immobilized lipase

concentration on conversion was performed with enzyme concentrations of 10%,
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20% and 30% w/w of oil at 40 "C. Figure 4-13 illustrated the conversion of
biodiesel when various amounts of immobilized lipase were used. From this
Figure, it can be observed that the maximal yield of FAME at 72.3% was achieved
from 30% immobilized lipase. When 10 and 20 % immobilized enzyme were used,
the % conversion of fatty acid methyl ester increased from 50 - 60%. Therefore,
the optimal conditions were as follows: 6 step of addition mode of methanol, 1 to 3

oil to methanol ratio and 30% amount of enzyme were subsequently selected for

the next optimal condition qa‘x*% ntent.

N

454Eﬂu¢tnfwat/ ‘ mﬂ%

\\\

90-

80-
E'm-
2 60
5 50~
Z 40+
[=]
O 30-
= 201

=

H . i r -
Water content (% v/v)

Figure “ﬂ%ﬂi@’%ﬁ%e‘%‘r wﬁﬁqaﬁuﬁnnvemim to biodiesel.

The reactibhs were carmied nut‘y'n a mixture ui 0.5 g of palm cul 30% (wiw of oil)

RO Er TR P A B G rovort

cofitinuously stirred at 40°C for 24 hr. Percent conversion shown on the y-axis are

the means £ SD of three individual experiments.

The reaction was carried out by adding water ranging from 0.5% to 10%

{%viw) of the oil with 30% (w/w of oil) immobilized Candida rugosa lipase. The



reactions were carried out in mixtures of 0.5 g palm oil, 0.15 g of immobilized
lipase, 71 wl of methanol (added at six steps, each 11.9 pl) and magnetically
stirred in a water bath for 24 hr at 40°C. The results were shown in Figure 4-14.

As indicated in Figure 4-14, the fatty acid methyl ester content gradually
rose from 52- 78% as water content increased from 0.5% to 5.0% (v/w) of ail, and
then declined from 78% to 60% as water content rose from 5% to 10%. It can be

seen that the FAME content res imum at water content of 5% (v/w of
oil) which was about 78.5 : an that in absence of water.
From previous optimakeeneibons, the % cenversion was increased from 50% to

8888

% Conversion

.‘,,' a | .}I E ."I' - 1]’1 } F"Ti]
' ﬂmeatvl nu:tnmperllura[ r)

AR FNHT AN

biodlesel. The reactions were carried out in a mixture of 2 g of palm oil, 30% (w/w
of oil) immobilized lipase, 1:3 oil:methanol ratio, 6 steps addition mode of

methanol, 5% (v/w of oil) water and magnetically stired in a water bath at each
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temperature for 48 hr. Percent conversion shown on the y-axis are the means &

SD of three individual experiments.

To study the effect of reaction temperature on fatty acid methyl esters
formation, the transesterification reaction was carried out under the optimal
conditions obtained from all 4 previous sections. The experiments were
conducted at temperature ranging r- 30 to 60 °C shown in Figure 4-15.

Experimental resulls showeo h 2 transesterification reaction could

proceed within the temg t the reaction time to complete

= "’i..;
the reaction varied signiligantly with reachen lemperature. It can be seen that

,./
Y

percentage yield gibiodiesel sudt

°C for the period of 24 hours

\\‘\\\ 4-15 showed that the
&\ ; | Figure
AR

from 0 to 12 hours. Afteg 2 \, ncrease in the reaction time

highest yield of 91 2

whereas 87% cornuérsio

he reaction time was increased

did not have the éffecf ogthe pid mva_ ¥ ', digsel. When the reaction

'\Jﬂ. F \
lemperature increased 5[:.-W °G, it was found that the product yield

started to decrease since thg {ost s activity dramatically. From previous

optimal conditiens, the % Gonversion was increased from 50 to 90%.

4.6 Comparative studiesﬁ b
lipase with Nnrvnzyma' 435 l‘,slnnt:l Lipnzyme' HM IM

The mmulumzed EJQ Y]ase was used fJo catle the
transest Ev-l imal-eon ' ' i EE‘I oils compared
with 2 co s !a in section

3.4.9. The conversion of fatty acid methyl esters from these non-edible and waste plant

bgmnmuhinzad Candida rugosa

oils were illustrated in Figure 4-16. From the results, it was shown that the production of
biodiesel obtained from catalysis of three types of immobilized lipases in 6 types of plant

seeds were approximately at 70-80 %. However, rambutan oil gave 90% of biodiesel



when catalyzed by both commercial lipases but only 60% was obtained by the
immobilized Candida rugosa lipase. On the other hand, 80% of biodiesel from papaya oil
was obtained when catalyzed by the immobilized Candida rugosa lipase when only 60%
was obtained from Lipozyme” RM

AULINENINYINS
ARIAATAUNINGIAY
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C=JNovozyme 435
Bl Lipozyme RM IM
N Immobilized C.rugosa

o o

¢‘Ej 30% (wiw of oil) immobilized Candida

100+

sn'_u‘unuur saassrafiens

%conversion
3

Figure 4-16. The percentage conversion of biodiese! fronT Gen-edible and was
i | — )
rugosa lipase; grey column and later mixed with 1:3 mole F!Iiu of methanol. The addltmn of mié)[hanni was performed using 6 steps at 0, 2,

4,6, 6 and 10 hours by stirring the mixtures with Er'm; W‘Ej pT'r[ e conversion of biodiesel form non-
' oil) ovozyme  435; wh|te column and Lipozyme R IM; black column and later mixed

edible and waste oils catalyzed by 20% (w/w of

with 1:3 mole ratio of methanal. The addmo& WIHLV@ ?% ﬁﬂy stirring the mixtures with
re taken from the reaction mtxlul‘e ater analyze e products by high-

magnetic stirrer for 24 hours at §5°C. Samplgs we

performance liquid chromatography. The experiment was performed in triplicates, and the data are mean + S.D.
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4.7 Stability of immobilized andida rugosa lipase

4.7.1 Thermal stability

11
3.1
=
©
T 70+
2 60-
€ 50~
E-W-
E——
31: —
30

I

(4,.{;:'- ASE |

Figure 4-17. Effe€l offenipgra of immaobilized Candida

rugosa lipase. 2 g oi \ \ eubated at various temperatures
F o et \

from 30 to 80 °C in pﬁ% control od, ting block for 15 min. The

results were average Valués of iriplicale éxperiments.

500 Mg (2 pH 6, 8 ma/mioflidase solution, 30 min time of
Y — 1l

immobilization 4t30 were selected as the optimal

conditions for immobilization of Candida rugosa lipase to study the thermostability

IR 131 i
b Wi N LY i)

were determined as percentage yield of activity at different temperatures
compared to the aclivity at the optimal conditions. The resulls were shown in

Figure 4-17.
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Since the optimal temperature for the immaobilization was found to be 30
°C, therefore, the selected temperature for this experiment was initially started at
30°C. From Figure 4-17, the results showed that the percentage of remaining
activity significantly decreased from 100% to 15% when the lemperature was
increased from 30°C to 80°C and at 60 °C, 50% of the activity was retained.
Hence, the optimal temperature to study the thermal stability of immobilized

Candida rugosa lipase was selected at this temperature. Then, the thermal

\
stability of immobilized lipa: 2 Wi »\ qut by incubating 2 mg of immobilized
A
lipase at 60 °C. Later, tha*samples we ly taken and the residual

=

activities were dete >d asihe perce f’“lw ; q | of activity compared to the

activity at the optimug 7// | ‘\ 2 time (t ,,) were calculated as

shown in Appendix 5 the percentage of relative of

the residual activity & Bure 4-18. It was shown that,

half-lives of the inimofli ovozyme 435 and Lipozyme

RM IM at 60°C was14 g6, 16 6740 59,45 [N octvely.
®  Immobilized C.rugosa

2.3+ ¥ Novozyme 435

% nz'gmtRHIM
3 s
aﬁ mﬂmW{ VEZEZE

Figure 4-18. Half-life time (t , ;) of immobilized Candida rugosa lipase, Novozyme 435 and
Lipozyme RM IM. 2 mg of immobilized enzyme was incubated at 60 °C. The

resulls were average values of triplicate experiments.
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4.7.2 Repeated use of the immobilized Candida rugosa lipase

4.7.2.1 Repeated use on transesterification

110 —m— Water
100
30 —ir— t-butanol

%

9

Hexane
—#— No washing

80
70
60
60
40
30
20
10

1]

PO

Figure 4-19 ajiopal stabil bilized Candida rugosa lipase

NS were carried out in a mixture

of 2 g of pam : £ -.'” : 1.—.‘ ils \ steps addition mode of

catalysis for

methanol, 20 fail) inimeBilized lipase, 5% (viw of oil) water and
: i)

continuously stimed &t 38 C far . The lipase was transferred into the

sames i : ion @ the former reaction in 12

huum. ?’#;‘:——"— FCONVeErsion s LE = mB means t SD af

e Z
KbVLen i ki —
I D

magnetically stired in a water bath at 12 hr. Under these conditions,
approximately 90% of FAME content were obtained. The immobilized

lipase was rinsed with water, t-butanol and hexane after each batch

reaction to select the optimal washing solution and to remove glycerol and
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oil in camiers. The dried immobilized lipase was dried in the desiccators
and later used in the next batch reaction composed of new substrates,
The results of each batch for the production of FAME content were
graphically shown in Figure 4-19. The % conversion in every condition
decreased in the second and third cycles of use with the first cycle set at
100%. After 3 uses, it can be seen that immobilized lipases washed with

water could retain approximately 45% of its initial activity after 4 more

; ashedWillabutanol, 15% of its initial activity
was retaincd while Ih€ znzyme with fg washing lost all of its activity after 5

and 6 cycle

4.7.2.2 Repg

% Conversion

-"1'""*. ¢ 7 /809 10
Number of repeated times o

q mﬁ»m,m AN WP R (RTINS 4] —

catalysis for hydrolysis. The reactions were carried out in a mixture of 3 g
of palm oil, 20% (w/w of oil) immobilized lipase, 100% (v/w of oil) water
and continuously stirred at 40°C for 9 hours. The lipase was transferred
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into the same system for a new cycle after completion of the former
reaction in 9 hours. Percent conversion shown on the y-axis is the mean +
SD of three individual experiments.

The immobilized Candida rugosa lipases were used conseculively
in a series for hydrolysis. The optimal conditions applied in this reusability
study were 3 g of palm oil, immobilized lipase content of 20% (w/w of oil)

and water content of 100% (v/w of oil) and magnetically stirred in a water

abilized lipase was rinsed with waler
after each bat erol and oil in camiers. The
dried immé iccators and later used in the
next ba ates. The results of each
batch for U
4-20. From

activity was qabse

re graphically shown in Figure
e evident decrease of the lipase
e. Additionally, immobilized

lipase could balused 2t least Wtepeated times without important loss of
ket 2

activity. -
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CHAPTER V
DISCUSSION

5.1 Selection of support

Lipases may exist in two different structural forms, the closed one where a
polypeptide chain (lid or flat) isolates the aclive center from the medium, and the open form
where this lid moves and the active center is exposed. This equilibrium is shifted towards

the open form in the presence of hydrophabic surfaces, where the lipase becomes

adsorbed by the large hydrophobi¢ pocke eir active center and the intemal face

of the lid. Moreover, lipases -u.._:___ ne a : er hydrophobic surfaces following

&hﬂe”én?ﬂs%% %(Wu&]{ﬂdﬂw‘ijammu et al., 2002)

vaiuuslyﬂhe characteristics tzj immobilized enzyme preparg&nns are governed by
-
R AR AT U UN T AN TR e
immobilizafjon of lipases have been used. There are varieties of support materials such as
chitosan (Feresti et al., 2007, Ye et al., 2007 and Amorim ef al., 2003), silica (Blanco et al.,
2004 and Blanco ef al., 2007) and CaCO, (Ghamgui et al., 2004 and Rosu ef al., 1998).
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In this study, Candida rugosa lipases were immobilized on 7 types of commercial
hydrophobic supports namely Amberlite XAD 2, Amberlite XAD 4, Amberiite XAD 7,
Amberlite XAD 16, Amberlite XAD 761, Sepabeads EC-BU and Sepabeads EC-OD.
Comparative studies indicated that dramatic differences exist in the activity of lipases
supported on different materials. Figure 4-1 showed lipase activity of the 7 types of
hydrophobic supports. From the graph, more than 20% activity yield were obtained when
dried Amberlite XAD 7 and Amberlite XAD 761 as well as wet Amberlite XAD 16 and
ports is often limited by some other factors

related to their structure, such as the spé _ rea, pore shape and particle size

Supports used in this wo -60 nm, allow only the
immobilization of small é '
be adsorbed on the e
ss of eight different pore sizes.
the adsorption rate (Bosley and

ot be fully used to adsorb enzyme

adsorption of lipase from®
They concluded that the largestt pore diameter,

ey f -*J'
Clayton, 1994). For instanceg thg nﬁ ,

.al;-'ﬁf: 1
: M}ﬁ, \augh, (Blanco et al., 2007). Another key factor

molecules, even when pore si

is the specific surface area. There i probably

-F'""I'""l'-"p' ‘I.

regions in the immobi %mﬁﬂw er

ificant contribution of the micropore

he external surface area of the

support is also accessivle sort can affect the partitioning

of substrates, products, -, d water in the reaction mixture, @nd thereby, can influence the

catalytic pm*’“mﬁ rﬂ'ﬁmm %ﬁ[ﬁ Alik)

The immobllized enzymes with ‘mese suppnrts were used to catalyze
e G R N v 205
(wiw of oilfimmobilized lipase, the ratio of oil to methanol was one to three and three
addition steps of methanol. The reactions were carried out at 40 °C for 24 hours with
confinuous stirring by magnetic stirer. The results were illustrated in Figure 4- 2 and the

production of biodiesel obtained was expressed as percent conversion. It could be seen
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that Sepabeads EC-OD gave the highest conversion approximately, 34%. Therefore,
Sepabeads EC-OD was selected as the optimal support for the subsequent immobilization,
Sepabeads EC-OD which was selected as the carrier materials for optimal
immobilization of Candida rugosa lipase are highly porous methacrylic polymer matrix
spherical beads, with a high hydrophobicity for enzyme immobilization, low swelling
tendency in high molar solutions. The support is resistant in common solvents and shows

high resistance to microbial attack. The immobilization by physical adsorption on

consistent with other results congeming e inntuéLiization of lipases on this kind of support.
From the literature, immobiliz&8lipase sp. by adsorption on octadecyl-
sepabeads was studied. _ i echaique nproved the enzyme properties.

The immobilized prepa
nitrophenyl propionate e thermal stability of the

immobilized enzyme is hi r when incubated at 80°C and

I Q
When the Sepab;ds EC-OD were selected, they were then prepared for the

. L - a/ - . .
-studies of the uﬂiﬂ Eljma;lnmmlﬂﬁl’wuus studies have
can affect

shown that many q:tnrs aclivity recovery and reusability of enzymes in

¢
enmeﬂe e, e nofel . perature, lonic s TpH, water and

solutes present. Hence, the effect of immobilization parameters, i.e. pH, ionic strength,
protein loading, immobilization time, immobilization temperature and adjuvant were

investigated.



,"‘h

76

5.2.1 Effect of pH on immobilization

The optimum pH for lipase activity varies with the enzyme species. From the
results, the effect of changing pH and the percent lipase activity and activity yield of
immobilized lipase were shown in Figure 4-3. It could be seen that the shape of the
graph is bell-shaped curve which the maximum activity of immobilized lipase was
obtained at pH 6.0. The activity of lipase increased with the increment of pH values.
This result suggested that electros forces are important for the adsorption;
lectric @ protein will have a large impact on
dapmtnnalinn of the charged

the solution (Lei ef al., 2009).

changes in pH over the isc
the protein binding
functional groups we
Since isoelectric 2i5 4.6, overall net charge is
close to 0. The lig jonionic or hydrophobic
support by hydropflobi idtafaciion.Moraover Candiida rugosa is quite stable in
acidic environmenig and (e um 5 '_ alues of Candida rugosa are between
6.0 and 7.0 which ar sl el -; . a5 pHad ring the enzyme immobilization

: im of immobilized Candida rugosa
lipase is slightly higher :ﬂ ' el : free enzyme (Pereira et al., 2001, Blanco

et al., 2004 andesloglu Y, 200 we page activity started to decrease

__ [ figre acidic or alkali pH, the
denaturation of Iigse tendSto'b g, like @er proteins, which was in most

cases greatly depefided on the pH of the solution.

ﬂumwﬂmwmm

522 Eﬂ‘ of ionic strength o immobilization

ARI1ANN I EJ‘W]’W]EI’IE'IEI

The effect of ionic strength on immobilization was investigated and the
results were shown in Figure 4-4. it could be seen thal both lipase activity and
aclivity yield of immobilized lipase were highest in 500 mM phosphate buffer pH 6.0.

The activity of lipase and percentage of activity yield increased dependent on



increasing ionic strength from 10 mM to 500 mM. Conventionally, adsorption of
proteins by hydrophobic interaction is stronger when the ionic strength is increased
(Bastida et al., 1998). Since at pH 6, lipase will exhibit net negative charge,
therefore, the increase of ionic strength will gradually decrease the charges on
enzyme molecules until the net charge reached near zero resulting in more
pronounced hydrophobic interaction between enzyme and the support. In contrast,
when the ionic strength was elevated from 500 mM to 1M, the activity of lipase and

shown in Figure 4-5. It could e seen latihe activity of lipase significantly

increased whemthe pr hading was incr ie highest activity of lipase

-

was achieved wiien prolein loa

S used. It is considered that the
higher lipase IuaBng makes the'lipaseform an inl@lnla{:ular steric hindrance,
which restrains the @iffusion of the substrate and product. The similar phenomena

were aisfUp b indh B bbb bfnb Gt e acviyof 12

mrnul:mz& lipase/g ceramic fgpom Penicillium expansum reaghed the maximum
QYA I T NI TA 1 B e
suaace areas of the support are limited (Jiang et al., 2008 and Chang et al., 2008)
and the enzyme molecules need enough space for catalyzing the reaction of the
substrate (Lei ef al., 2009). As could be seen from the figure, the activity of enzyme
at B mg/ml was not much different from the aclivity oblained from 10mg/ml of the
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enzyme. Therefore, in order to reduce the cost for further applications, 8 mg/ml was
finally used as optimal amount of protein loading from this study.

5.2.4 Effect of immobilization times

The residual activity of lipase solution was checked for each time of

immobilization at various temperatures as described in 3.4.3.4. The relationship of

the residual activity with immobilizalion time at various temperatures was shown in
Figure 4-6. The amount _ rapidly decreased with the increment
of the immobilizatior ¢ when li &Ibﬂtﬂﬂ at 10°C for 180 min, the

e —

residual activity ol ermore, when lipase solutions

were incubated- sund 25 °C), the results showed

that the residual@Clivity |gV il 120, min,in'Beth temperatures. At 30, 40, 50

conlinues, the lipase ac

et "

longer couplingfeactic i i the immobilization studied

by Chang et al. Ee immobilizalic eo Cemdicﬂl.gosa lipase on poly (alpha-
glutamic ﬁid} was'vatied from 1 to 18hburs. They found that the optimal

chobariaad 4o Ednblardy Dhotihe il mro an s crang o

al., 2008). Similarly, Lei et al. studied the immabilization time @f porcine pancreas

Phedor 3 Nl T bl lodond ety was obiaines

unﬁar immobilization time of 8 hours. After 8 hours of immaobilization, the activity of

immobili

immobilized enzyme was decreased (Lei ef al., 2009). Therefore, the optimal time

for immobilization was 3hr, 2hr, 1hr and 20-30 min at 10, 20, 25 (RT) and 30-60 °C



respectively and subsequently selected for the next experiment namely, optimal

condition for the temperalure.

5.2.5 Effect of temperature on immobilization

Lipase was immobilized on Sepabeads EC-OD at different temperatures; 10,
20, 25, 30, 40, 50 and 60 °C. The results in Figure 4-7 showed that the activity of
2 temperatures from 10 to 30 °C and the

highest activity and activity y vere'uptained when the temperature of

immobilization reachee30-C. 5 | e 4-7, this result is consistent with

the optimal tempesature 2 lipases obtained from other
previous studies{Mungelal 2003). ol al, reported that the optimum
temperature of indSedvas nol alter \ mmobilization. The activity of both free

and immobilized Jipasé prugasa o chilbsan were highest at 30°C. In

g 'lﬁﬂ d that the optimum temperatures of

contrast to Hung af al

immobilized lipase G SlORSS S l%.i n ogtadecyl-sepabeads were altered
from 50 to 70°C (Wilsg e: i": (‘ Siter tion of optimum temperature of

on type of enzymes and nature of

immobilized enzyme might B8 fiepen
et = l__".-' J:r'_ i
r realmtadfmmdﬂtuﬁﬂ

supports. On (g
°C, the activitiasiwere red
temperature prtﬂ:led to the

free lipase becauﬁlﬁ‘asu might be ifattivated by thermal denaturation. From the
o B Sl S0 T TSIV Bkt ot
lipase wagllfound to be suitable'at 30 °C. Thesefore, the optimalimmobilization time

s Bl S Cartlshobdnn} sl clekperiment.

blained that the excessive

oozation Systﬂﬂa)l"d inhibit the EENU of the



5.2.6 Effect of adjuvant on immobilization

Once the optimal conditions of 500 mM phosphate buffer, pH 6, 8 mg/mi of
Candida rugosa lipase solution for immobilization at 30 °C for 30 min were obtained,
the effect of adjuvant on the activity of immobilized Candlida rugosa lipase were
examined by using two categories of adjuvants namely; alcohol and detergents.

5.2.6.1 Effect of concentration of adjuvant

trations ype of adjuvant necessary to obtain the
ighes coﬁ of each type of adjuvant with no

0 be determined. From Table 4-1, it

s adjuvants with the activities of

oncentration of each adjuvant

ed and later used for

immobilizalion
5.2.6.2 Effect

attivity and adjuvant was shown
1
i be non-covalently immobilized

in Fig e/ i

on hydromublc suppo e known lo be Qsaly related to the

nmmrlrn ydrophobic adjuvant
ﬁﬁ ﬁﬁ ijﬁlﬂbﬁﬁ il‘f structure involving a
higher accessibility of gome h ydrophebic side chainsiof amino acids, which
A% QP XGEGICI LAYt o
small-size of hydrophobic adjuvant necessary to obtain the desired effect of
decreasing the hydrophobicity of the pore channels for the enzyme was

adsorbed (Blanco ef al., 2007). Moreover, two forms of lipase show very

different activity; closed form (inactive form) and open form (active form). If
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the enzyme was able to fix with higher activity, the final immobilized
preparation may be more aclive than the native one (Mateo ef al., 2007).
Hydrophobic and small substrate such as detergent and short chain alcohol
have been described to promote the interfacial activation of the lipase
yielding the stabilization of the open form of the lipase (Feméandez-Lorente et
al., 2006). From these features, strategies to get immobilized lipases
molecules with improved activity have been developed, trying to fix the open

ized lipase as catalystin

hilized lipase was incubated in the

R TIWWI%’W 011

After the upﬂmal conditions forfimmobilizatiomof Candida rga lipase from section
i

12148l oGl s badolh G

transestenf cation and hydrolysis. The transeslerification and hydrolysis reactions were

d on

conducted as described in section 3.4.4. From Figure 4-10, it was shown that 45.23 %
(+2.43) biodiesel and 97.21% (+0.69) free fatty acids were obtained from transesterification
and hydrolysis, respectively. From the results, it could be seen that hydrolysis may be more
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preferable than transesterifi ation for the catalytic properties of lipase. Obviously, lipase is
generally categorized as hydrolases which catalyze the hydrolysis of triacylglycerols to
glycerol and free fatty acids (Hung et al., 2003). Consistent to this study, it was the
hydrolytic activities of Candida rugosa which was higher than synthetic activity (Teng ef al.,
2009).

5.4 Screening of raw materials for feedstock

The oil of non-edibie-and waste pianl seeds was extracted by using soxhlet
extraction method _i6'¢ re packed in a thimble and the oil was
extracted with 250 The extracted oil was then measured to
calculate the contg m Table 4-3. The %oil content
from non-edible andiwast ﬂw range of 25 % to
approximately 72"% ¢ eights 5.7h ol _I om the non-edible and waste
plant oils itself is always the ke fa de :'; e the suitability of a feedstock for
biodiesel production. From 12 be seen that wild almond was the plant
yielding the highest ¢ ; 1 incl, ameng the various non-edible oils
neTioh yield (43%). However, the

antz ﬁm and oil extraction techniques

; S —————
shown in Tabl ¥ ZSrphysics
oil yield dapandﬂn
(Gui ef al., 2008). ¢a

AUIANYNINYING

542 Fatli.bcld composition analysns

ARSI NN . - e

fnr the production of biodiesel is the compaosition of the oil itself. The composition of
oil will subsequently determine the properties of the biodiesel obtained. The effect of
oil composition on the properties of the biodiesel produced will be discussed in the
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subsequent section. The composition for various types of non-edible and waste oils
was shown in Table 4-4. From this table, the major oil compaositions in both non-
edible and waste plant oils were tabulated. The major fatty acids content in both
non-edible and waste oils are oleic, linoleic and palmitic acid, while the latter
include lauric, myristic, palmitoleic, stearic, linolenic, arachidic and behenic acid.
Furthermore, the fatty acids in the oils are further categorized into saturated and
unsaturated fatty acids which are also an important for the storage stability of

their study, whieh argfvafed dntent and airexpesUre (Bouaid ef al., 2007).
However, the efi 1@ presEnce of unsaturated fatty acid on the storage stability

Apart rom 1 » i properties of biodiesel vary
accordingly to the fatty acid co in the f&&mk oil which is used to
produce biodiesel fTha properties include saponification number, iodine valua

cetane ﬂﬂJ B SHIE I bng ol etopk fids e in Table 44, itwas

shown lhat the calculated sapenification number (SN), iodingyvalue (IV) ranged from
b o4l o7 bbb el n v
amung the species varied from 40 to 66 and 2.29 to 3.95, respectively.

CN is a significant expression of diesel fuel quality among a number of other
measurements that determine overall diesel fuel quality. CN is actually a measure of

a fuel's ignition delay, the time period between the start of injection and start of



combustion of the fuel. Fuels with higher CN, which have shorter ignition delays,
provide more time for the fuel combustion process to be completed. Hence, higher
speed diesels operate more effectively with higher CN fuels. This is one of the
“important parameters which are considered during the selection of FAMESs for use
as biodiesel. The different countries or organizations have specified different
minimal values. Biodiesel standards of Thailand (2007), USA (ASTM D6751-07a)
and European Standards Organization (EN 14214:2003) have set value as 51, 47

and 51, respectively. Among of 9 species, 7 species (No.1-2, 4-8) have
CN value higher than 51 ighast minimal value among the three
biodiesel standan‘.l : |

The dag ured as IV, is an important
considerable faclor -s. The unsaturated fatty acid
component in FAN ; -' s the FAMEs from solidification.
However, the higher degre .r salurated EAMES|S not suitable for biodiesel. The
unsaturated moleglile en and are converted to
peroxide, crosslinkifg v olecules. The material may be
come polymerized intd'a j : makes an intemmal combustion enging
quickly gummed up with 18 polymeriZed EAMEs. To avoid this situation, biodiesel

standards ha ; : Gifications. All of 7 species,

which qualify acification of IV. All of them

have IV less thas 2'D the lowest maximum limit ameng the three biodiesel

5L T

visco 5|gmﬁ|::antl affects ttfe atomizatio cess that is the initial stage of
oV R BRIkl V T F-Y
maulh’ng in poorer atomization of the fuel spray, leading to the fuel injector operation
problems such as injector coking, oil ring sticking and thickening and increased
carbon deposits. The conversion of vegetable oil to their FAMEs results in a marked

reduction in viscosity (Winayanuwattikun ef al., 2008).
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The values obtained were used to predict the guality of oil for use as
biodiesel. It was found that biodiesel obtained from 6 plant species; white silk
cotton, physic nut, pomelo, papaya, rambutan and pumpkin met the major
specification of biodiesel standards of USA, and European Standard Organization.

All of the non-edible and waste plant oils were then used as substrates for
transesterification catalyzed by immobilized Candlida rugosa lipase, Novozyme" 435
and ;.ipnzg.rmﬂ' RM IM in comparison,

5.5 Optimization of the trans

In this study, the giiee ansesterification catalyzed by
Candida rogosa lipase imf 0D were investigated. Biodiese!
yield was increased sigi 1able, namely, addition mode of
methanol, molar ratio of g aler content , reaction time and

temperature.

contacting with igolub [ abe et aﬁzﬂm‘j It is also known that

lipase from Candida aptarctica are deggtivated when exposed to high concentration

§ mmﬁ S ARG WL S smout siroc

al., 20-‘.12} lence, addition moge has been wgested as a means of circumventing
@uﬁ@ﬁ\%ﬁ@ B A5G rppfines for metrana
-.ng from 1 to 6 and reported that the conversion was about 88% by more than
three successive additions of methanol. So three-step methanolysis was sufficient to
convert lard to FAME (Lu et al., 2007). Furthermore, Nie et al. also studied the effect

of methanol addition to the reaction. Methanol addition was performed from 1 to 10
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times and they reported that when the methanol was stepwisely added more than
three times, the conversion could be increased to 95% (Nie ef al., 2006). The effect
of addition mode of methanol from one to seven steps on transesterification was
studied. From Figure 7, very small conversion of 3.16 % (+2.46) and 4.12 % (£3.95)
% were obtained when three moles of methanol were added at once and two steps
respectively. The yield suddenly rose from 4.12 % (+3.95) to 31.88 % (+3.48) when

the adding step of methanol increased from two to three steps and increased further

The mola | holbver falty acidficontained in TAG always
increases transest: yield bt an also inactivate the enzyme. In particular,
when the alcohol is ig§oldiblé it f. I of i {ure, it forms emulsion and the size of
droplets depends on | iy of = i : Antczak ef al., 2009). However, at least
three molar equivalents n£ guired for the complete conversion of the
oil to FAME. Dizg hanol ratio from 1:1 to 1:10.
uldlbe obtained at the

They reported | ,fﬁ
oil:methanol mnlgrﬂun of 1:6anc
ratio) would decreaSedhe methyl estenyield (Dizge and Keskinler., 2008). In

action B Yl Frbrgh B b d0l a3 g essed when tre

Dil-melhan%l was over 1:15. Adgitionally, when the amount of gikmethanol ratio was

eﬂe%ﬂrﬁa@ﬁ SEpRbon e o pibgorl ) 9. 2007

fom the effect of oil: methanol molar ralio was studied at different ratios from

gher melhail concentration (1:10 molar

1:3 to 1:9 and the results were shown in Figure 8. The yield obtained for FAME was
approximately 48% when the oil: methanol molar ratio increased from 1:3 to 1:7.

However, when the ratio was increased to 1:8 and 1:9, the FAME yield was
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decreased to 8.27 and 2.75 %, respectively. Therefore, in order to reduce the cost
for further applications, 1 to 3 oil:methanol ratio was subsequently used as optimal
pil:methanol ratio from this study.

5.5.3 Effect of enzyme loading on transesterification

The effect of immobilized lipase concentration on conversion was performed

activated sites and iGatinass contacl, €0 ently the FAME yields were
higher (Ghamguisefal 42004, 054 et al., 2008, Chen e al., 2009 and Dizge ef al.,
2009). In additic ‘with the increase in enzyme

content because substrate molecules can be

adsorbed onto the el al., 2008). Therefore, there
exists an optimum &g ) conversion rate. The
phenomenon has also r researchers. This result is in good
agreement with results ob! = The synthesis of FAME from lard
catalyzed by irif d to increase rapidly when
the amount of lipése was | ,' at., 2007). Furthermore,

Kose ef al. studig the effe bilize Canda antarctica lipase quantity on
alcoholysis of cottof seed. It was foun@.that the FAME content was increased by

ncreasi IobdeagShb (o). QT <abh hagine highest FAME

formation ?d&ﬁ%] was observed with the reaglion using 30%dipase based on oil

ool sl ooz 64 o iélubdng bk dso a1 30 % oy

ws?ght of oil was selected for the optimal condition of transesterification.
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5.5.4 Effect of wate content on tansesterification

Water plays an important role in enzyme structure and function (Ghamgui et
al., 2004). It is well known that lipase, as a form of protein, requires the presence of
water to maintain its active three dimensional structures. The activity of the enzyme
in non-aqueous media is affected by the water content. In this study, the effect of
water content on the transesterification of palm oil is presented in Figure10. From

the result, it was shown that the FAME content rose gradually from 53 to 78% as

water content increased from

\\“L\h i 1
siudies. Ly e Ad the effect of water on methanolysis

2 Candida sp. 99-125. It was

reported in the previe
of glycerol trioleals
found that the bie® 45 to 85 % when the amount of

waler increase oreover, the effect of water

active site throum conformational changes of the -ﬂase molecules, which also

requires the ﬁ reseficesof oil-water inteffdce. Lipase aclw% generally depends on

e availljolagiloabt] T B Vokd othbdicdat water he amount o

water ava?able for oil to form afl-water droplels were increased: consequently

Qéﬂ oo e s (oubodd & o, @3 e resuns

p sant&d in Figure 10 indicated that the FAME content reached its maximum with
the water content of 5 wt% which was about 78% higher than that in absence of
water. This supports the fact that amount of water is required to activate the enzyme,

However, the amount of FAME was decreased when more than 5% (w/w of oil) of
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water was added. In this case, the yield reduction might be caused by the reduced
homogeneity of substrate mixtures owing to immiscibility between water and oil
compounds (Lu et al., 2007). This result suggests that excessive water content
affects the mass transfer of the oil phase of the reaction product, and inhibits
transesterification (Hama et al, 2006 and Chen et al., 2009).

5.5.5 Effect of times and temperatures on transesterification

Temperature canvinfluence n rate and biodiesel yield. Figure 11
showed the transestefification actiyi cﬁhiliz&d enzyme with variations in
temperature at specifi ' Were conducted at temperature
ranging from 3016 optimum temperature was

40°C after 12 houfs matel
obtained. This resiit is greementwith resulls oblained by Nie ef al. who

the highest fatty&cid methy 4 and selected as the optimal
reaction tsmperamre. Devanesan el al. studied thafm‘fect of temperature on

hiwiesem oil fiding i Il of P.fluorescens at 30,
35, 40, 45 an mm& %of biodiesel at 40°C
was abtaingd (Devanesan et af, 2007). In addition, the effect@f temperature on
BN cbndaloh b of mbaigad Trrayces lanuginosus
fipaqsa was studied and 40°C was found to be optimal temperature for biodiesel
production (85.8%) (Dizge and Keskinler, 2008). From Figure 11, it was shown that

when the reaction temperature increased to 50°C and 60°C, the product started to

decrease, which is in agreement with the previous literature report (Dizge ef al.,



2009 and Rashid et al., 2008). A similar result was obtained by Yang ef al. They
studied the reaction temperature on transesterification of soybean oil catalyzed by
Candida sp 99-125 and reported that the optimum temperature of the reaction was
40°C. Beyond 45°C, the relative conversion rate of biodiesel declined from 98% to
40% (Yang et al., 2006). The advantage of higher temperature is a shorter reaction
time. However, if the reaction temperature exceeds the boiling point of methanol

(65°C), the methanol will vaporize from the reaction (Chen ef al., 2009) and high

increasing the reaction time; the pgrcen of biodiesel was increased up to
12 hours. Thereaftef™ncrease’in the reaction i id not have the effect on the

production of bioBiesg T} e 1S also been observed by other

methanolysis of gbttog'seed oil “tt was found that the methyl ester conversion was

It is well known I.';El the y d%ndenl on sources of lipase,

substrates and reaction capdition. Thus three different immobilized lipases and non-edible

anc wast s oo S b Y A AN B3 ptons wero cari out s

described in sacimn 3.4.7. The conversion of fatty a&ig methyl es!arifjom these non-edible
e RS B PFERR G BARES G 3 rom v v
efficiency Of biodiesel production was different from the catalysis of Novozyme" 435,
Lipozyme” RM IM and immobilized Candida rugosa depending on the types of feedstocks.
The production of biodiesel obtained from catalysis of three types of immobilized lipases in
6 types of plant seeds were approximately at 70-80 %. However, rambutan oil gave 90% of
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biodiesel when catalyzed b both commercial lipases but only 60% was obtained by the
immobilized Candida rugosa lipase. On the other hand, 80% of biodiesel from papaya oil
was obtained when catalyzed by the immobilized Candida rugosa lipase when only 60%
was obtained from Lipozyme” RMIM.

Six out of nine plant oils being surveyed had suitable physical property as feedstock
for biodiesel production catalyzed by lipase. Even though white silk cotton, pomelo and
pumpkin seeds are agricultural waste but they could not be collected in large quantities.

Hence, there is a limitation on the use of ils for production of biodiesel. Under

for plantation of these fo

Physic nuts or 1on-edible oil in appreciable quantity and

can be grown in large*Scalé on J 4 marginal 1ands and wastelands. It is well
adapted in arid and semiFarid condi ! -.-- s low ferility and moisture demand. It can
also grow on moderately Sodig = : de.- egraded and eroded soil. The ideal density of
plants/hectare is 2500. It re ! Dy five years and can live up to 50
years. There are reports of oil'yig I-:__if:'_—- s 50% from the seed. Typically, the seed
production would be 3.75 tonm_g_.’ yiel of 0-35%, giving net oil yield of about 1.2
ton/ha. Although Jafrophé oil seed : jfon a large scale in Thailand,

A

this species was starteddn 2008 to supplement the uiilizemadibla palm oil for production of

Jatropha oil is the majer fee e projection for plantation of

biodiesel. ‘a s

Papaya ﬂuﬂn’l mﬂmﬁ.ﬂﬂ s:]nftl:in frost and limited to the
region between 33!' north and 32° south of the equater. It needs plefitiful rainfall or irmgation
ot AT S el BN I AL 1 & i e
the plant vq.rill grow in scarified limestone, marl, or various other soils if it is given adequate
care. Optimum pH ranges from 5.5 to 6.7. Papaya plants bear well for 2 years and then
productivity declines and commercial plantings are generally replaced after 3-4 years. The
papaya black seeds contain 25-48% oil (w/w).
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Rambutan is adapted to wamm tropical climates and is sensitive to temperatures
below 10 °C, and is grown commercially within 15° of the equator. Rambutan flourishes from
sea-level to 1,600 or even 1,800 ft (500-600 m), in tropical, humid regions having well-
distributed rainfall. The dry season should not last much over 3 months. The tree does best
on deep, clay-loam or rich sandy loam rich in organic matter and thrive on hilly terain as
they require good drainage. Optimum pH ranges from 5.0 to 5.7. Rambutan trees may fruit
after 2-3 years with optimum production occurring after 8-10 years. The seed kemel yield
Vﬂ; food industrial waste products which can

suitable for use as starting material for

37-43% oil (w/w). Both rambutan and __

be collected in a large amount.

the production of biodiesel.

5.7.1 Thermal stabi

The results in Figme 4-17 revealed that'the peman&@a of remaining activity
significa tﬁ:ﬂtaht:.rﬂa\iu..fr'c:m 100% to 5% when the temperature was increased

ol houeibl 00l g otk fl tine 1 coc.

Aﬂcordingqflo Hung et al, they réported that the inactivation ofithe enzyme occurred

»’4 ey Ve el i ighlabarrt erod bk el ony up o

At 60 °C, the residual activity of immobilized Candida rugosa lipase on

from 30°

chitosan was 23 % compared to 12 % for free lipase. Then, the thermal stability of
immobilized lipase was carried out by incubating 2 mg of immobilized lipase at 60

“C. Later, the samples were periodically taken and the residual activities were
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determined as the percentage yield of activity compared to the activity at the
optimum conditions. Then, the half life time (t ,,) were calculated as shown in
Appendix D. The results were expressed as the percentage of relative of the
residual activity and half life time as shown in Figure 4-18. It was shown that, half-
lives of the immobilized Candida rugosa lipase at 60°C was 14.35 min. When an
immobilization of Candida rugosa lipase by adsorption on bentonite was studied
(Yesiloglu Y, 2005), the haif —life of the immobilized enzyme was about 45 min,

fact that the strong hydrophobic inlers HorrBetween the lipase and the hydrophobic

carriers enhancesthe Siabifly Of the '\ ‘onformation of the immobilized
enzyme. This ther€forgWilinemase th \\3\2:\: ity of the immobilized lipase
N

mobilization helps preserve

5.7.2 Repeated use ed Candida rugosa lipase

The most impo obilization is the repetitive use of

enzyme. The catalystr it.lo determine the stability of the

immobilized Iif: ;,3 ......... ton ‘ ‘“": e is normally caused by

i
m:duct glycerol. This

the negative effe

phenomenon may b} clarified by two explanatmns Firstly, the glycerol adsorbed on
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5.7.2.1 Repeated use on transesterification

It has been demonstrated that the cost of lipase accounts for a large
part in the total cost of biodiesel production. One of the main advantages of
an immobilized lipase is that it can be used repeatedly over an extended
period of time (Ghamgui et al., 2004 and Lu ef al., 2007). The byproduct;
glycerol is the main problem of reusable of immobilized lipase in

transesterification because it can deactivate enzymes, particularly in

continuous and ns cesses (Aniczak et al., 2008). The

e surface of these carriers thereby

m bl
ing _ e enzyme molecules inaccessible

her hiydrephilic substance like acetone to the

glycerol molect '

reaction sysiém pagially removed gly erol from the lipase environment
: 0 \ lhe immobilized lipase with iso-

1 ef al, 2003). In addition, to increase the
_ f used Candida antarctica
-' danol can be an efficient method of

regeneration of i hen and Wu, 2003). To investigate the

he aptimal conditions for

stability of the i
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production of biodiesel and

kl
repeatedevery 12 n'hns.appmximately!!ﬂ% of

FAME cuntent was obtained. Aﬂer completion of the reaction for 12 hours of

ﬁ'ﬁﬂ“ﬂ'ﬁ%iﬁwﬁwm t-butanol, hexane

an@l acetone in cumpansnn .The purpuse was to select the best washing

q wm(t ﬁ ?1 ?Eu m? ?‘ﬁ The immobilized
q ipase was dried in the desiccator and later used in the next batch reaction

composed of new substrates. The results demonstrated that the %
production of FAME in each batch was reduced. After three or four times of

uses, immobilized lipase retained approximately 45% of its initial activity



when washe with water. On the other hand, enzyme lost all of its activity
after 5 cycles with t-butanol, hexane and acetone as the washing solutions.
From the results, water is selected as the best washing solution for cleaning
the lipase immobilized on hydrophobic support. It appears that the
immobilized lipase on Sepabeads EC-OD was inactivated by methanol or
desorbed from carriers during repeated use. Therefore, the reusability of
immobilized lipase in hydrolysis of palm oil was examined.

immaobilized lipe ambalchhydmiysisnfpalm

\\\\\ ained. The immobilized lipase

was rinsec \\\ untummmglymmland oil in
carriers. Fro, Sults, \ t stability of the lipase activity was
evidently Gbsghvat as in the w\ dditionally, immobilized lipase
could be used al leas -. i ;‘-: ec "i ithout significant loss of activity.

d that immobilized lipase on Sepabeads
EC-OD was inactivaled by me This problem can be reduced by the

.10.2.2. Under these conditions,

# ‘r 3
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to apply a qpvel technology for the immabilization of the enzyme.
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CONCLUSION

In this research, lipase from Candida rogusa was successfully immobilized on
selected Sepabeads EC-OD by adsorption. The optimal conditions for the immaobilization
obtained were as follows: pH 6, 500 mM ionic strength, 8 mg/ml enzyme loading at 30 °C for
30 min and t-butanol as the adjuvant. When the immobilized lipase- catalyzed
transesterification was carmied out for the production of biodiesel, the maximal yield of 87%

rambutan could be highly'€8hvesedh hiodiesel when the reactions were comparatively
catalyzed by immobilized Ca, Ci0salipe - \ ercial lipases; Novozyme 435
and Lipozyme RMIM. F
production of biodiesel drolytic activities could be
I'be concluded that the

immobilized Candida rugosé i -}‘; ) ' 0D can catalyze the
) =4

well maintained over len rgp

transesterification for the prodiicti At iodig iently as the commercial enzymes.
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Table A-1. Details of seven types of hydrophobic suppo
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Type of support Polymer base Pore diameter Particle size (mm)
Amberlite XAD 2 styrene DVB : 80 A 2

Amberlite XAD 4 Polystyrene DVB - 100 A 490-890

Amberlite XAD 7 Aliphatic ester - 450 A 560-710

Amberlite XAD 16 Polystyrene DVB . 150 A 560-710

Amberiite XAD 781 Formophenolic Phenol 800 A 560-760

Sepabeads EC-BU Acrylic Butyl 30-40 nm 150-300

Sepabeads EC-0D Acrylic 150-300
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APPENDIX B
Hydrolysis assays

Preparation of solutions for hydrolysis assays
1 Tris buffer solution (Tris HCI)
1 M Tris buffer, pH 8.0
Tris base 21 g
Distilled water _ 800 ml
Tris base was dissgived and ¢ & adjusted to 8 with HCI. Then, solution

was adjusted to 1L wil wled water, s buffer solution was later steriled at 121
°C, pressure15 psi fé ¥ The buffer solulionwas kept at 4 °C

mi

\ 475 mi

mg

ml
p-nitrop _-i absolute ethanol. Then, the
solution was mnx&d well and kept in ma brown bu tle. (This solution was prepared

bﬂmﬂummmwmm
ammﬂimumawmaﬂ
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APPENDIX C
Protein determination

1. Preparation of solutions for protein assays
The assay reagent is prepared by diluting 1 volume of the dye stock with 4 volumes

of distilled H,O. Then solution was filtered by filter paper, Whatman No. 1. The solution
should appear brown, and have a pH of 1.1. Itis stable for 4 weeks in a brown bottle at 4°C.

m&m buffer as the samples to be

assayed. A convenient standacd.eurve can be made using bovine serum albumin (BSA)

2. Standard curve of BSA _
Protein standards shoule 2e pre

with concentrations of 0.1, 827 0.8 04, 0.5 2 \ ‘1"‘-“ }. The method is as follows;
\\I ‘entration 20 mg/ml.

1. Prepare stock Bt :
. A lvag di sﬂ1ﬂﬁmgﬁnlﬁable&1}

N

2. Pipet 5 wl of each standard from stock solution was into 96 wells microplate.

Protein solutions are normally assayed in duplicate.
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3. Add 300 pl f diluted dye reagent to each well and incubated at room

temperature for 5 minutes.

4. The product was measured by an increase in the absorbance at 595 nm with

micro plale reader.

0.7 -

0.6 1 y = 0.9796x + 0.0015
0.5 R? = Oy9838

30,41
< 0.3 1
0.2 -
0.1 -
0«

0.6 0.7

- : N\
Figure C-1. Calibmliog'c: rprof m\ \ ation by Bradford's method

3. Calculation of total protein
The absorbance value a #?‘L_,

~
Tl
andard protein cong

Where

e X axis = antration (mg/ml)

AU E’]"W%‘W kb
m REABTATRI Wtk 15 TaF X T

protein pre&ent in the filtrate and washing solutions after immobilization. Amount of bound

enzyme onto support (mg/g) was calculated from the following formula:
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P = CIV] - (C'VI. + vaw}
m,

p = Amount of bound enzyme onto support (mg.fé]
C, = Initial protein concentration (mg/mil)

C, = Protein concentration of filtrate (mg/ml)

C,= Protein concentration of washing solution (mg/mi)

V, = Initial volume of H ! / (mi)
V, = Volume ofi /
V,, = Volume washir

m, = Weigr /

Ly
[l

ﬂ‘LlEl’J‘VIEWI?WEI’]ﬂ‘i
’Qﬁﬁﬁﬂﬂ‘iﬁuuﬁﬂﬂmﬁﬂ
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APPENDIX D
Calculation of the lipase activity

1. Calculation of enzyme immobilization
The efficiency of immobilization was evaluated in terms of lipase activity, specific
activity, protein loading and activity yields as follows:

Equation D 1.1

phenyl palmitate

e that liberated 1 pmol of pNPP

per minute under the test conditions« ipasa’ ity was Calculated from
r“;.s ¥ "J i

Lipase activity (U/g-support stivity of itar

e e ™,
-!"5 , o mobilized lipase

rl

" ﬁ"ﬁl' W%'ﬁ ) et A
QRIANAIRI NA NN

Amount of protein introduced

mobilized lipase

* 100
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Activity yield (%) = Specific activity of immobilized lipase

x 100
Specific activity of free lipase
(Chang et al., 2007)
2. Calculation of thermal stability
Thermal stability was calculated according to equation (1) and (2)
(Santos et al., 2008)
= #1
%‘ v #2
2 * #3
®
]
- 3
=
:
=&
Figure D-1

ﬂuﬂlmﬂﬂﬁﬂﬂﬂﬂﬁ
ammn%zuum'mmaa

A, = the hydrolytic activity at given time
A, = the initial hydrolytic activity at given time
Ky = thermal deactivation constant

where

t = theincubation time



Since, slope = K, (From Fig D-1)
23

So, t,, = 0693
2.3 x slope

untreated immobilized enzyme

AULINENINYINS
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APPENDIX E
Properties of plant oil

1. L?ﬂlr.:u!aﬁun of oil content

In il extraction, the thimbles were weighed before and after addition of the ground
plant seed including the flask before and after extraction.

Calculation method was as follows;

Fatty acid compes able E-1) was determined by GC
analysis. The .,- MalogIam. of fatty acid mothyt aster #s shows in Figure E-1: The
percentage of aﬂ at fD"_Dws

ﬁﬂ%ﬂﬂ‘ﬂﬁﬁ%ﬁﬁ%
wwwa‘ﬁmmﬁ MIANYIAY

155596 x 10
107543021+155596+3156+367686+39777+723745+40218+1692+1673

Palmitic acid (%) =

11.63 %

1
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Figure E-1. Chromatogram of methyl ester from transesterification of the 1g of palm oil with
10% (wiw of oil) sodium hydroxide at 550C, 350 rpm at 24 hr.

Intensity
.

75000

LAY Mot Olate

Il}ﬂ!hm_—_ ;

oo

25000

0
0 30 ,
min
Table E-1. Retention time, of Standard fatty acid methyl ester,
used in the calculation of fatty acid-€omp
Peak Compou ~;"“=‘='—_ — Rt JArea Height
1 Methyl Lauratg| | 1075 477
2 " 041 1
Methyl Myristate,, Lk ya 04 302 962
3 Meth | 1!] ‘j fw | ’] ﬂ ﬁsssas 37879
4 Methyl Baimitoleate 11423 3158 916
1 £ V)

5 MY StdRbaf 76057
i Methyl Stearate 14198 | 39777 7310
7 Methyl Oleate 14.417 723745 127619
8 Methyl Linoleate 15.089 40218 7002
g Methyl Linolenate 16.139 1692 289
10 Methyl Arachidate 21.898 1673 217
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2. Molecular weight of palm il
Triglyceride (TAG) is the major composition in oil. Therefore, the molecular
weight of triglyceride represents the molecular weight of oil. To calculate the molecular

weight of TAG (i.e. molecular weight of oil), equation E-1 was use

Triacylglyceride &

equation E-1

Where, o2
‘!r’
cular weight of palm oil

m:ular weight of triglyceride =

s
oV Kt ot iV iEME]

= MW,, - 45 (from main structure of tnglyceride) (Fig E-2)
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Table E-2 Fatty acid composition of palm oil

Common name Abbreviation % Fatty acid
Lauric acid (C,,;H,0,) 12:0 0.59
Myristic acid (C,,H,0,) 14:0 0.96
Palmitic acid (CHy,0,) 16:0 38.67
Palmitoleic acid (C,;H0,) ». 0.11
Stearic acid (C,gHy0,) SN ‘:'::::"li':?"\ 1"'{-’{/‘ : 3.2
Oleic acid (C,yH,,0,) - 45.45
Linoleic acid (C,gH0, ////‘ﬁ‘%ﬁ\ 10.87
Linolenic acid (C,5H,@5) r]//ﬁﬂ\‘:‘l\\ 0.20
Arachidic acid (CgH, @ / / % ’\\\\ \ 0.23
Behenic acid (CH, O I ﬁ “\\\ 0.02
A
P
The example of triglyceridé A u5ed P alculation
. o 591 & :: ) {3 32,:239]

ﬁm l‘i(“_ﬂ i Gy e

0915+1?5?+B1 594+ 0.221 + 7,085 + 107.717 +25.545 + 0.468

Q Wt beed U NN1IVE TR E

226.823
(3 x 226.823) + 173
853.469

1

MW,

Therefore molecular weight of palm oil is equal to 853.47
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Table E-3. Molecular weight of non-edible and waste plant oil

Common name MW
Papaya Carica papaya Linn. 871.18
Physic nut Jaﬂnr.ma curcas L. 870.41
Pomelo Citrus maxima (Burm.) Merr. 860.27
Pumpkin 867.38
Rambutan 899.13
Rubber 872.15
Tangerine 901.66
White silk cotton 865.65
Wild almond 748.51
3. Calculation SN,IV, CN aptd 7 ¥a
Calculation IV of plan ¢ o from their fatty acid methyl ester
compositions as Equation E-2, - 45, Galeul from the equation E-3 and CN of fatty
acid methyl ester were BalCulate n ._,__‘:_-...-,.-_m.___..,,,, 2 mass fraction was used in
preference to the molé V“T _ i\‘ is implicit in the units for

viscosity used in this sl " /. With these two modifications, ation E-5 was used to predict

the viscosity of bﬁiﬁ ﬁﬁj‘jﬂﬂ ﬁ WWW T

R A3 Ik AT TST T,
nn, = YZinn Equation E-5

Where,

A = Percentage of each component in the chromatogram

MW, = Molecular mass
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D = Number of double bonds
Z, = Mass fraction

Wild almond Physic Nut White Silk Cotton

Rubber

Tangerine

Figure E-3. Non-edible aﬂ waste plant oil

ﬂ‘iJEJ’W]EJWﬁWEJ']ﬂ'ﬁ
ama\mmwnwmaﬂ
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APPENDIX F
Calculation of transesterification reaction

1. Volume of methanol
The stoichiometry of this reaction requires 3 mol methanol per mol triglyceride to
yield 3 mol fatty acid methyl ester or biodiesel and 1 mol glycerol. The biodiesel yield could

be elevated by introducing an excess amount of methanol to shift the equilibrium to the

right-hand side. So, the ratio of oil and m is 1:3 according to the equation in Fig D-3
The applied volume of methanol ing the molecular weight of palm oil
from section 4 equal to 853.4
0
HITJ:}%-& HET-OH
HC-OCR, + + H,C-OH
| ¢ |
H,C-0-CR, H,C-OH
Palm oil Glycerol
pil and methanol
4
: __,,f_ 7
1. 1?1 x10° mole
e H%’&‘HEWI?W BNy
3.513x10° nmle
S&W@ﬂ“@ﬂﬁ‘m WA ¥187 ]
So, fhethanol 3.513 x 10™ mole 3.513x10°x32 = 0. 1124 g

From D =_M_
v
D = Density of methanol (0.792)
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M = Mass of methanol (0.1124 g)
V = Volume of methanol (ml)
V= 01124
0.792

So, the volume of methanol is equal to 0.140 mi.

2. %conversion yield from HPLC analysis

All FAME were assumed By HPLC can/be galtulated as follows;

% FAME = —_—
{FAME + FF A% | DAG x 2) + MAG)
FAME = Cg
FFA =
TAG = Concgl
DAG = Concenffa ,;fl
MAG = Concentratigf-ef mono
! "I" . TS Fe v
I'I'. .
" |
st
i o
- tNINEINT
. :
“ _
» WM INEIRE
] "
3 - s 73 1o BT Y o 7a ' - - =

Figure F-2 Chromatogram of methyl ester from transesterification catalyzed by immobilized
lipase and analyzed by high performance liquid chromatography
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Where
Peak 1 = Eicosane
Peak 2 = Fatty acid methyl ester (FAME or Biodiesel)
Peak 3 = Triglyceride (TAG)
Peak 4 = Free fatty acid (FFA)
Peak 5 = 1,3 Diglyceride (1,3 DAG)
Peak 6 = 1,2 Diglyceride (1,2 DAG)
Peak 7 = Monog i

AULINENINYINS
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APPENDIX G

Property of commercial lipase

Property Novozyme® 435 Lipozyme® RM IM
Microorganism Candida antarctica fraction B Rhizomucor miehei
Type of support Macroporous resin Acrylic resin

Specificity

References: Martin. E. H. @nd @teg0.,C; (» \
Pzl
tr“r ‘::' :

e
e Z

-.v’1 < ‘

] g
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