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Table 1. Chemical and physical properties of palm oil.

Palm kernel oil Palm olein
lodine Value 14-20 43-59
Acid Value 20 15
Sponification Value 240-257 195-210
Unsponification matter (%) 1 1
Color (Lovibond)* 10Y:1R25 Y:2.5R
Total saturated fatty acid (%) 78.82 48.05
Total unsaturated fatty acid (%) 21.18 51.95

*:cell, 5 in.
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Table 2. Composition and properties of palm olein.

Properties
Sponification value 200.88
Iodine value 73.917
Acid value 0.566
MW 838.22

Fatty acid composition (%)

Palmitic acid 28.65
Stearic acid 4.21
Oleic acid 38.42
Linolenic acid 1.51
Linoleic acid 26.53
Myristic acid 0.67

nu Kaewthong (2004)
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Table 3. Sample of commercialized lipase.

Type Source Other name Company

Mammalian lipase
PPL Porcine pancreas Amano, Sigma, Fluka,

Boehring Mannhein

CE (BSSL) Pancreatic cholesterol esterase Genzyme, Sigma
Fungal lipase
CRL Candida rugosa Candida cylindracea  Altus Biologics,

Sangyo, Amano,

Boehring Mannheim

CAL-A Candida antarctica A Boehring Mannheim,
Novo Nordisk
CAL-B Candida antarctica B Boehring Mannheim,

Sigma, Novo Nordisk
CLL Candida lipolytica Amano
HLL Humicola lanuginosa Thermomyces L Boehring Mannheim,

Novo Nordisk
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Table 3. (cont.)

Type Source Other name

Company

PFL Pseudomonas fluorescens

Pfragil.  Pseudomonas fragi

CVL Chromobacterium viscosum
Pseudomonas sp. Pseudomonas glumae
BTL2 Bacillus thermocatenulatas

Alcaligenes species
ANL Aspergillus niger
ProgL Penicillium roqueforti

Bacterial lipases

PCL Pseudomonas cepacia Burkholderia cepacia

PCL-AH Pseudomonas cepacia

Amano, Biocatalysts
Ltd.

Wako Pue Chemical
Sigma, Genzyme, Asahi
Chemical, Biocatalysts
Ltd., Amano
Boehringer Mannheim
Meito Sangyo

Amano

Amano

Altus Biologics,
Amano, Boehringer
Mannheim, Fluka,
Sigma

Amano

n17: Aanlaea1n Kazlauskas 1ag Bornscheuer (1997)
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Table 4. Group of lipase with corrupt officials.

Group Molecular weight Sample

Lipase from animal 50kD PPL

Lipase from
Candida rugosa 59-65 kD CRL, GCL, CE
Rhizomucor 29-42 kD CAL-B, RML, ROL, PcamL, HLL

Lipase from bacteria

Pseudomonas 30-35 kD PCL, PFL, CVL
Staphylococcus 68-73 kD BTL2
None group ANL, CAL-A, CLL

111 : Kazlauskas 118 Bornscheuer (1997)
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wlsdeoeemiiy 4 wiia 14un wamesTindu (esterification) 02 % 1 lade (acidolysis) BUIADT-
WAMeSTIATY (interesterification) tazueaneded lade (alcoholysis) dm3ueuUiATemds
finisenmerusasm Blunduidenty Sondmsnueames T (ransesterification) 861415
A Yamane (1987) 1@vadfnseneziiTulada (aminolysis) oglunquifernunsiuedines-
Tindudredaaaslunni 2

4.5 anusuwzveseu lnailanla

Malcata staznale (1992) LL‘].ixiﬂ’ﬂiJilo”IL‘WWGIJ’ENLE’J‘L!ll“])’lﬂﬂLﬂﬁiﬂﬂi‘%}ﬁﬁlﬂiuﬂ”ﬁﬁmim”l SUuy

1. ANNIUMIZABNgUYDIATA

2. ANUTUNIZADA WK UIVDUDFANALFD 0D

3. ANuIIMIzAeY¥HAvEINTA Tusiu

o 1 Y a 4 @

4. anudumzas Iaseadeanes lo le Iyuasvesduansn

5. ¥ia194 98195 NN

o A A o 1 1 Aan o [l < 9 v o S

ou el lanladdianudumizaenguatla dredraviuldgalunarauvesdaizg
Usznouddes Tawlanimihiswlgnseinmsdosdaamnz lasiesandweson latedana-
=) a = aAa 1 a

50308 W30 1 TueFanayesea lawlan Penicillium cyclopium inanssuae 1uTueda-
NAYOTOAEI LANNINTTNAD IneTanaosoaras lnasiedanayosoad1u1n (Okumura ef al.,

1980 8191@8 Malcata et al., 1992)
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1. Hydrolysis of ester

R-COO-R’ +H,0

A
v

R-COOH + HO-R’

2. Synthesis of ester

A
v

R-COOH + HO-R’ R-COO-R’ + H,0
3. Transesterification
3.1 Acidolysis

R-COO-R’+R,-COOH <

v

R,-COO-R’ + R,-COOH
3.2 Alcoholysis

v

R-COO-R,” + HO-R,’ <« R-COO-R,’ + HO-R,’

3.3 Ester Exchange (Interesterification)

R,-COO-R,’ + R,-COO-R," <

v

R,-COO-R,” + R,-COO-R/’
3.4 Aminolysis

R-COO-R,” + H,N-R,’ <

v

R-CO-NH-R,” + HO-R,

i 2 masel§isernieg veseu lad lanla
Figure 2. Types of reaction catalyzed by lipase.

17: Yamane (1987)

1 o 1 o 1 a = 1 9 A d' =
nsuUInuIumIzaed e Fanfiwosoautald 3 uuy Aelalanlul
anusumzaedwvisuesnsa luduuuTuanaveslasedanaiyeion (nonspecific) lalad
Hanuiumnzaensa luduuudwmis 1 uag 3 vulassadluanaveslaseganiiwoson
. A o 1 % a o A Y
(sn-13 specific) taglanlaniinnuiunizaonsaluiuusnadwmisd 2 vulassads
Tuanaves lasieFanaosoa (sn-2 specific) Tanlah lifianudumigaodwumisuTuana
a 1 o o 1 4 1 aaa ]
Y04 laslFanirosonszannindosaaleNusLOMNDs ldod1eauysal n1sisalfnsenas 1
| @ @ = 9 % = [~ a o g v A 1
UMIAUNAY (nonreverse) ¥992 Idnsa lutiunazndwesoalunaasuaiogluszauige ua
a = a =2 I a I A . .
o1z laeFandiwoson waz Iuluwedandesoailudunosiifon (intermediate) 1u
aaa 9 9 1 d
‘]J;]ﬂiﬂﬂﬂ 1aun oulasilanlanin Chromobacterium viscosum, Pseudomonas fluorescens,
Candida cylindracea, C. rugosa Wag Penicillium cylindracea (Okumura et al., 1981) RLERT!
o { o U o 1 o 1 ] {
ulmilana Adanudumnzaedunisvesnsalvsiuaulvgudy wwidulanlaihd

ANMUIUNIZADNIA T VTR WKLY 1 uag 3 Faazda lviiuasadmmuan 1 uag 3 lu
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Tnseadrvedlasedanawesealaanindumian 2 MlR1a 2-TuTuedandsesoa ¥4
@ ) o a Y] 1A [ 1 1 a
Pagtiwinnlszgnaldlunmsnaansaludiulidudgengulomwdn 3 1dun n1snaa EPA uaz
oy o o 1 o [ dy 9 1 ] [ Aa =4
DHA niniudar dedrweulmilunguiildun lanlasnduseunazaingaunidnan
Rhizopus arrhizus, R. delemar, Aspergillus niger W% Mucor miehei (Li and Ward, 1993)

Tanlantanusumnzaeriiaveansa ludunulusssumatiosun LaNLIANUT UL

4
[T 1

[ 9 aan C:J = o [ [
daluegnumsniuauanzwadenlulfnser lanlalasna Iz linnudumnzaonisisa
aaa % 09)1 d' IQ' o Y d’ = = [ % d‘Q' Y
Ugnservesnsaluiumedun lidudardosun ienlseuieununsa luduaes1noudn

] < 1 a ] =1
2619150010 Malcata tazaate (1992) 3199111 landeavnavita iy lanlaan Mucor miehei 1

l o Ado 4 Y A A
mmﬁm15aclumiEJ@aamaﬂsﬂllmuummmumsmu C,uaz C, I'I,QQQTIWLB‘H 5.3 8% 8.0

v
a

& A EL Aa e < ~
gatlsg Tomi lumsmanasnunausea luueuds uag lanla91n Chromobacterium viscosum 1
° ' v Ado P = Y v o A
anudumzaensa luiuniduaumsueu ¢, o9 C,, l9aninsaluguaou
4.6 el lanla ps
I PPN 9 a £ o dy a A
oulai lala Ps ifhueulminnaaluniamsdivians Fadausnuansounaiise
3 A (= o 1 o 1 @ a =
Pseudomonas sp. W lsii luiianusumzaedurisvesnsalvivuulasiodana-
a d‘ Y A a = a = v A ~ d'
sosoaNanani 1d Ao ladandesoa lulwedanayosoauaznsa lviudease Wewhn
A =\ A J ~ =\ % P a =
wimzawae ferndunais (e 7) Tanuasdtvewou lwingungl 45 osruaaiFod
o 4 Aa a 1 a
maviueu lasl lanla ps 119 lunswan TuTueFandesoa wuauisonaa la
a I 3 4 a Aaaa o 1 an a
Ysmmgas 70 wesidud dremsmuauguugivesdinsenlndiniguugiingd (Tc) vos
Aaan a I~ < o Y a a a = Y a
yoawaululfnsennauvewdsildinamsnaaluTuegandwosoa 14a uazlunisnaa
a [ 4 a Y o a o Y [
TuTuweFandoseauuuaoiiind Taslimsaualiiaza1edunsdiludrazareduaasn
1 a a @ a 4
wuNansonan Ty Tueganaryesoalunlgnsaluny Continuous stirred-tank reactor (CSTR)

11az Packed-bed reactor (PBR) Taaldtoulaailanla ps aSeg1) 1500 Hiadnsu dasinstlon

duenasn 0.02 dadansaouil nazgungil 45 seruaadeaiinu wunldmswan TuTu-

v
=S 1

a = Y <3 @ a
FanAE0ToANANINY 25.94 1ay 5124 wlefidud ludslnseluun CSTR uaz PBR

Aa1au Ture 72 %2139 (Kaewthong, 2004)

5. msnsaeulyailanla
m3leu i lanlalumsdesaaslviulugionlesidass udwiduismsiiinu
Y S < 18 Y o w Y @ 4 9
1ddenazsraianaiy uaniidesinaludiusiar anuasdrveveou laigluunnis 143

[

Y] () A 4 a d o 9 a Aaan =\
aﬂymzvlmmum fﬂillﬁlﬂlﬂu1%N@ﬂﬂ%1ﬂﬂa@lﬂﬂ!“ﬂﬂ11ﬂﬂ1ﬂ L!agﬁﬂ13$ﬂ1ilﬂﬂﬂ§]ﬂiﬂ1h
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o 1 4 5 4 1
anusumg (U518l erunlies, 2547) samsasegiiou ladazamnsondilymiaien 1danadld
1 1 <3 = a4 a2 Y 1 a A
uaod1elsnaumansznuvesnsaiegioulmine19iila wu fanssuervanas 1ieean
Tassadwawdanlaoundaslyl Jgyvwuiesnisaromuiads (mass transfer) faynints
dy A % A o aaa Y a
Yuleuiinanindinginiodmgaingasenunanan
Ay = d
5.1 n35MIBMsA3 U sl
d = = s ) Y o w A v @ A
ulaiaseg) nneds e lsingni vegluveuwadnaornsensuiaguions
~ Y=R ~ Jo aa 1 o o I ¥ qu’ 1
nldganz Tasou laidensiinonssueg ensarhnavinldldnareasuazazaindonis

151Uz uUADIIPY Kennedy tiag Cabral (1987) ladautianisuazmaasaeulai1l3 danimi 3
y

ad =3 L4
Asmsaiaou la]
( 1 < o [l
msasueu lailiedlugiveands msasaou laildedlugdasazae
— UF membranes
l l — Hollow fiber devices
ad v K ad 1
FrIuda e

o o }

an A 9 AR Y a1 Y Y an Yy 9 E)) a1 9
?fﬁl“lf@iJVléU’J ATYANIZNUAINEIN 5N NAIYLIIA awanummauia RRARAIEY
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Figure 3. Method of enzyme immobilization.

nn Kennedy 1a1& Cabral (1987)
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Table 5. Method for immobilized lipase.

14

Method of
Source of lipase Support or Barrier Substrate

immobilization

Adsorption Candida cylindracea Polypropylene BFT

Aspergillus niger Polypropylene JRTEVATRTEY
Thermomyces lanugonosus ~ NA 1{1 Nuuznon
Thermomyces lanuginosus  Acrylic lusiudad
Rhizopus sp. PVC e
Candida rugosa Sephadex 1‘3’1ﬁumﬂaﬂ
Candida antarctica Synthetic resin Tributyrin
Mucor miehei Synthetic resin Tributyrin
Rhizopus sp. Celite £1ﬁuﬂ15u
Mucor miehei Duolite lasname'lsa

Humicola lanuginosus
Candida rugosa

Candida rugosa

Candida rugosa

Mucor miehei

Aspergillus niger
Thermomyces lanuginosus
Aspergillus niger

Pseudomonas fluorescens

Candida rugosa
Rhizopus delemar
Rhizopus niveus

Candida rugosa

Chromobacterium viscosum

Ca-alginate
Cellulose
Sephadex
Polypropylene
Synthetic resin
Polypropylene
NA
Polypropylene
Decylchloroacetate
emulsion
Celite, glass
Polypropylene
Amberlite

Polypropylene

CaCoO, Celite

S oW a '
Wiumaaagya
Tudunu
lududy
Butterfat

Decylchloacetate

Phosphatidylcholine

lugiua lusiungy

Y
o o

HIWUHNENDN

k4
o o

HIWHUENDN
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Table 5. (cont.)

15

Method of
Source of lipase Support or Barrier Substrate

immobilization
Rhizopus arrhizus Celite 1‘3’1 1du

Covalent binding  Candida rugosa PEG ﬁlﬁumﬂaﬂ
Humicola lanuginosa Amberlite,Diatom ﬁ’Wﬂuugﬂﬂﬂ
Porcine pancreas Cellulose filnjjuiwﬂf)ﬂ
Candida cylindracea Sepharose Tributyrin
Porcine pancreas EPSPS MWUULNDN
Candida rugosa PVC MWUULNDN
Candida rugosa Chitin WUNENDON
Candida rugosa Agarose NUULNDN
Candida rugosa Chitosan MUNLNON
Candida rugosa Sepharose MWUULNDN

Cross-linking

Entrapment

Containment

Candida rugosa
Rhizopus sp.
Humicola lanuginosa
Rhizopus sp.
Candida cylindracea
Rhizopus sp.
Candida cylindracea
Rhizopus arrhizus
Candida cylindracea
Candida rugosa

Rhizopus delemar

Chromobacterium
viscosum

Candida cylindracea

Trisacyl Synthetic resin
TAS
Octry-Sepharose
PTFE

PTFE, PVC
PVC

ENT, ENTP
ENT, ENTP
Sodium alginate
AOT-RM

BSP
Polyurethane
AOT-RM

AOT-RM

WUNZNDN
wuihduy
WUNZNON

WUNUAZIY

¢ Toe Tog Tog Tog Tog Top Tog Tog Tog Tog

WUNMUAZIY

ﬁo

e

o @

Wiunuag?
JRTEVATRTEY
JRTEVATRTEY
Bytyl-butanoate
yiuuznen
yiuznen
ARTEVATRTEY
S o

Hiiuuznon

Y

WNUNENon
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A1319N 5 (99)

Table 5. (cont.)

Method of
Source of lipase Support or Barrier Substrate
immobilization
Pseudomonas fluorescens ~ AOT-RM ﬁ’ﬁwzﬂaﬂ
Candida cylindracea Polyamide 1‘3’1ﬂumﬂaﬂ
Precipitation Human milk - OFANALYDTOR
Candida rugosa - §1ﬁuuzﬂaﬂ
Candida cylindracea - ﬁlﬁuﬂamm
Pseudomonas fluorescens - Anchovy oil
Menhaden oil
Candida cylindracea - Borage seed oil
Ion exchange Rhizopus miehei Synthetic resin Lesquerrella

Fendleri oil

HU8119: AOT-RM = Sodium bis (2-ethylhexy) sulphosuccinate reverse micelles
BFT = bleachable fancy tallow

BSP = biomass support particles

ENT = cross-linkable resin prepolymer containg polyethylene glycol

ENTP = cross-linkable resin prepolymer containg polyethylene glycol

EPSPS = epoxypropylsilanized PartiSphere-5

NA = not available

PEG = polyethylene glycol

PTFE = polytetrafluoroethylene

Nu: aaulasan Balcao tazame (1996)

d a v
5.1.1 manssgiieunlaidiedBuuure Ry (Entrapping method)

ad ] 9 I ad = A Y [] 1 [
ATNITHONN Lﬂm‘ﬁmimqgﬂuummmullﬁmaaiz ]13(11!6]5@\131\161]@\1@]1‘1118

A 1 9

a 7 ’a Yy A A v = Yy .
Wf]alll@iﬁi@ﬁ@ﬁﬂl@uhlclfh@ﬁighhﬂ’lﬁllﬁlf]UN‘WElf]llﬁlﬁ’c’fTiG]ﬁJW1u‘l§°‘l‘1ﬂ\‘] (semlpermeable

q

9
= ]

v o I A 1 Y o 1 1 . ] Y
membrane) aaruvauaiy 2 dsznnae ﬁ’e)‘ljm’auulﬁmﬁlu“vmmﬂnﬂ (lattice type) nagnoany

o < . [ A = c’Qddy 1
ou lasiTunniga@n (microcapsule type) Auaaslunini 4 msasegiioulaiisiuanag
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Aa a a 4 1 oaJ’
N. ABMINANDANDTTEHINTY (Interfacial polymerization method)
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Figure 4. Immobilized enzyme by entrapment method.

nn www.rpi.edu/dept/chem-eng/Biotech-Environ/IMMOB/entrap.htm 20/11/2006
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Table 6. Composition and properties of sodium alginate.

Definition | Sodium alginate is the sodium salt of alginic acid.

Chemical | (C.H,NaO,),

formula

Structural | Structural formula from Phillips, Wedlock and Williams: Gums and Stabilizers for the
formula Food Industry 5 (1990) by permission of Oxford University Press.

\ 000N — COONa
1 OH
0
O
o O00a

— G(C) — G('C) — M(* C:) — M(C)
o-1,4 o-1,4 B-1,4 l‘sal,ci

The number and sequence of the Mannuronate and Glucuronate residues shown above
vary in the naturally occurring alginate. The water molecules associated with the

alginate molecule are not shown in the above structural formula.

Structural unit: 198.11 (theoretical)

222 (actual average)

Macromolecule: 10,000 - 600,000 (typical average)

N www.fao.org/docrep/W6355E/w6355e0x.htm 20/11/2006
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Figure 5. Effects of alginate concentration on immobilization of lipase.

11: Keehoon tiagaly (2004)



23
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Table 7. Activity of alginate-immobilized lipase and immobilization efficiency at different

alginate concentrations.

Alginate Activity of alginate- Retained activity Immobilization
concentration immobilized lipase (%)b efficiency (%)
(WhY) g’
0 1003.71 100 -

752.71 74.99 98.2

4 578.31 57.61 99.0

6 526.89 52.49 98.7

8 225.81 22.49 99.0

10 125.45 12.49 99.2

* Activities of immobilized and free lipase were determined by a standard olive oil emulsion
method

® The retained activity represents the percentage of activity corresponding to the free lipase used
for the preparation of immobilized enzyme.

U Zorica HagAM (2002)
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Figure 6. Time course of palm oil hydrolysis by alginate immobilized lipase and free lipase.

NV Zorica LagAM (2002)
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Figure 7. Effects of CaCl, concentration on immobilization of lipase by cross-linking.

117: Keehoon tagaly (2004)
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Figure 8. Effects of bead size on loading efficiency (bar) and immobilization yield (plot).

117: Keehoon tiagaay (2004)
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Table 8. Effects of needle size on alginate bead diameter, activity of alginate-immobilized lipase

and retention of lipase activity.

Needle size Alginate bead diameter  Activity of alginate- Retained activity
(gauge) (mm) immobilized lipase (%)b
g
12 1.7£0.20 303.34 30.22
18 1.2+0.15 383.15 38.17
20 0.75+0.10 494.97 49.31
21 0.65+0.10 526.89 52.49

* Activities of immobilized and free lipase were determined by a standard olive oil emulsion
method.

° The retained activity represents the percentage of activity corresponding to the free lipase used
for the preparation of immobilized enzyme.

U Zorica HazAM (2002)
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Table 9. Average and relative activity of repeated use of alginate-immobilized lipase with and

without chitosan and silicate coating.

1" run 2" run 3" run

Alginate beads

Average activity (mmol/(min g bead)) 15.1+0.2 11.4+0.3 10.9+0.5

Relative activity (%) 100 75 72
Chitosan-coated alginate beads

Average activity (mmol/(min g bead)) 9.5+1.1 8.7+0.4 7.3+0.7

Relative activity (%) 100 92 77
Silicate-coated alginate beads

Average activity (mmol/(min g bead)) 13.0£1.3 12.6+:0.9 11.3+0.7

Relative activity (%) 100 97 87

11: Keehoon tagaaiy (2004)
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Table 10. Enzymatic monoacylglycerol production.

Lipase Substrate Product
Mucor miehei Oleic acid 1-MAG (max. 32%)
Aspergillus niger, Rhizopus delemar, Oleic acid 1,3)-MAG
Geotrichum candidum, Penicillium
cyclopium
Penicillium camembertii Oleic acid MAG (max. 74%)
Penicillium sp., Lipozyme Oleic acid MAG
Rhizopus arrhizus Oleic acid MAG (17.9-44.1%)

Candida antarctica
Rhizopus delemar

Lipozyme

Lipozyme

Geotrichum candidum, Pseudomonas
sp., Mucor miehei

Penicillium cyclopium, Rhizopus sp.
Chromobacterium viscosum
Humicola lanuginosa

Candida rugosa

Oleic acid, ethyloleate
Oleic acid and other

Oleic acid and Stearic acid

(S)-17-hydroxystearic acid

EPA, DHA

Solid FFA ( C”)
Cs'Clss C18:1
Cz'Czo

MAG (7.2-68%)
1-MAG, 50-60%conv.

MAG, 30-70%conv.

MAG (max. 84%)
MAG (6.4-65%)

MAG (max.96%)
MAG
MAG

MAG>90%

max: maximum, conv.: conversion

111 : Bornscheuer (1995)
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Figure 9. Enzymatic monoacylglycerol production.

117 : Bornscheuer (1995)
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Table 11. Lipase for monoacylglycerol production.

Monoacylglycerol
Substrate Lipase References
(%)

dniuinnIne  Pseudomonas fluorescens 20.1 (Yamane et al., 1986)
Olive oil Chromobacterium viscosum 80 (Chang and Rhee, 1991)
Olive oil C. viscosum 90 (Kamlangdee and Yamane,

1996)
Trioleic C. viscosum 96 (Bornscheuer and Yamane,

1994)
Tusiusa Mucor miehei 50 (Stevenson et al., 1993)
Taafusa P. fluorescens 70 (MCcNeill et al., 1990)
vulamza  Pseudomonas sp. 42-53 (Myrnes et al., 1995)
17 w‘l!‘l’ii;lj P. fluorescens 69 (McNeill et al., 1991)
ﬂWﬁNﬁ@ﬂ?u P. fluorescens 86 (McNeill et al., 1991)
REVLY Rhizopus delemar 53 (Tuter et al., 1998)
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