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ABSTRACT

Rhodotorula mucilagenosa P11189 isolated from oil-contaminated soil was
effectively used as the methanol-tolerant, whole-cell lipase for the synthesis of fatty acid methyl
ester (FAME) via tranesterification reaction with palm oil and methanol as substrates.
Statistically-based experimental designs with the combination of Taguchi experimental design
and response surface methodology were applied to systemically enhance the production of the
whole-cell lipase or cell bound lipase (CBL) from Rhodotorula mucilagenosa P11189.  The
impact of four factors including carbon source, nitrogen source, surfactant and pH on production
of CBL were evaluated using Taguchi design. Palm oil, NH,NO, and gum arabic showed
favorable conditions for CBL activity and transesterification synthetic activity. After analysis
with screened by Taguchi design, concentrations of palm oil, NH,NO, and gum arabic were
selected for Central Composite Design (CCD). Maximal CBL activity of 41.50 U/g DCW and
biomass concentration of 6.57 g/L (total CBL activity yield = 272.72 U/L) were obtained at 60 h
of growth in the cultivation medium containing palm oil 2.1%, NH,NO, 0.2%, and gum arabic
0.45% with initial pH 5.0 at temperature of 30 + 2 oC under shaking speed of 200 rpm. The
optimized cells increased the synthesis of fatty acid methyl ester from 84.0% to 92.98% yield
compared to cells cultivated in the initial medium, when the transesterification reaction was
carried out for 72 h in the presence of palm oil and methanol (1:9 mole ratio). Major
compositions of biodiesel were 40.12% oleic acid methyl ester, 37.86 % palmitic acid methyl

ester, 11.11 % linoleic acid methyl ester and 4.83 % stearic acid methyl ester.
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The co-immobilized cells with different biomass support particles (BSPs) were
cultivated in 500 ml flasks containing 200 ml of optimized medium. The highest hydrolysis
activity of immobilized cells was obtained in 3M cellulose sponge. Moreover, co-immobilization
with 0.25x0.5%0.5 cm of 3M cellulose sponge 0.6 g yielded high cell contents of 14.77 mg dry
cell/g BSPs with high hydrolysis activity of 5.92 U/g dry cell in BSPs. The maximum methyl
ester production of 16.50 % was achieved, when the refined palm oil transesterification was
carried out in the presence of refined palm oil and methanol at the mole ratio of 1:12 with 10%
water (addition of 10 % phosphate buffer pH 7.0). The reaction was catalyzed using 2.0 g/g
substrate of Rhodotorula mucilagenosa immobilized in 3M cellulose sponge (1.394 U of lipase

activity) under vigorous shaking at 35 °C for 72 h.
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Figure 1. The transesterification reactions of triglyceride with alcohol to FAME and glycerol.
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Table 1. Comparison of biodiesel production between alkali-catalysis process and Rhizopus

oryzae lipase catalysis process.

Variables Alkali catalysis Acid catalysis Lipase catalysis
Reaction temperature (°C) 6070 55-80 3040

Free fatty acid in raw materials Saponified products Esters Methyl esters
Water in raw materials Interference with reaction Interference No influence
Yields of methyl esters Normal Normal Higher

Recovery of glycerol Difficult Difficult Easy

Purification of methyl esters Repeated washing Repeated None

Production cost of catalyst Inexpensive Inexpensive Relatively
Reaction time Short Short (9 h) Long (36 h)

Source: Fukuda et al., (2001)
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Table 2. The advantages and disadvantages of using lipases in transesterification.

Advantages

Disadvantages

Biocompatible, biodegradable and environmental
acceptability

Lipases catalyze more specific reactions than
chemical catalysts, and hence produce purer
products

There is the possibility of regeneration and reuse of
the immobilized residue, because it can be left in the
reactor if the reactive flow is maintained

The use of enzymes in the reactors allows the use of
high concentrations of them and that allows for
longer activation of the lipases

Immobilization of the lipase could protect it from the
solvent that could be used in the reaction and that
will prevent all enzyme

particles getting together

Separation of the product will be easier using this
catalyst, producing a product of very

high purity with less or no downstream operations

A greater thermal stability of the enzyme due to the

native state in which they are used

Loss of some initial activity due to the volume

of the oil molecule

The immobilized lipase is deactivated by

lower alcohols such as methanol and ethanol

The number of support enzymes is not

uniform

The production of commercial enzymes is still
prohibitively costly, although the potential

costs are being reduced

The activity of the lipase is relatively lower

than that of chemical catalysts

Source: Chen and Wu, (2003); Fukuda et al., (2001, 2007); Marchetti et al., (2007)
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I , I
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O O
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3.Transesterification
3.1 Acidolysis

0] O O 0]

i I -, |
R-C-O-R + R-COH —» R -CO-R + R-C-OH

3.2 Alcoholysis
O O
| , T
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0] O O 0]
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V94 Papaparaskevas HazAM (1992) AAUNUIN Rhodotorula glutinis 15uen TauHeunoamlada

duasetiunislumswaa laa'ldann

323 WavUpI000UVDd lany

L= r'd {
Janssen MarAME (1994) 5181143109n550ew laal lawla9n Bacillus sp.
A 2 2 A oA A A a A A 2+ < 2+
¥OUYUUYNGUNNIUDNHa1N Ho@suFe lTup1IsauuunFey (Mg ) 11an (Fe)
HAZUARIFIY (Ca’) 1FUIRSINY Kok azamy (1995) S1891UN Acinetobacter calcoacetics BD

a 4 9 d? A a A A A =
413 annsowaaou sl lanla ldunvuiiomudsouusIuuniliFBen LaaFey NoAd LA

Tavoad

324 HavednNuiunIAA1
Rhati ttazaag (2001) Animsnanou el lan)aon Burkholderia cepacia

[ 1

H 1 H [ =1 a P 1 {
Tuorvs i ewNULANA1IAY WU tuafGemusonaaou lsinies 7 1duinniin
~ S Y a ad v AaA A 1 o
oy 10 ou el Idvingauniddrumnniniifiesuazguuginuz auaenisiieu

v A AA [ a a a (z [
IndiReanuiitesuazgungiinmingauaenssyay Tavesgaunsdiiueg ua Wahab uaz
Amg (1999) WuN lawaan Pseudomonas fragi CRDA 037 aunsoinau 1aa luditeassig 9.5-

a = VA A ] = Y] a ad A dy a S)dd'

100 LazUUYL 80 BIAIFAITIE uANNDTTINABINUYAUNI dFlatiamIs0ns Yy 1aan
Qo‘ 1 [~ 1 1 A 1T A o
QUUQNAINI 7 osruTaITod aZIAUNANOBIA QRN NI IZANABNINTTUVD DU Tasa]

1 VoA 1 a A A 9 a dy
p1auana Nl llnnamiminz auaemsnsyveauaiiGen ldlumsnaa wonvinil lawlaan

a [ 1 1 Aaa 1A 4 1 o 4
au“l/lg5ﬂﬂﬁ“H'NﬂlﬂﬂﬂTﬁL@“ﬁlla&qmﬁaMﬁlﬁuTgﬁﬂJﬂﬂﬂﬁ]ﬂiiﬁJ‘U’O\iLﬂuUl“}ﬁJLmﬂﬁ'l\iﬂu LLﬁZLﬁ@

2D

o

= A A = Y 9 4
ﬂ']WL’t’)G]fLLa3@&!‘”QNVIWY1115ﬁ1]£ﬂﬁﬂﬂllﬂﬁﬂﬁ]$ﬂﬂﬁ1’l11ﬁﬁﬂ?WIﬂiQﬁﬁ%‘]ﬂJﬂﬁlﬂul‘l“BN

a

{ { [l { o a 3|
nlasuniaslidre mslasunaswesrsiie ez gungiieu lxidinenonssu 1314 11u
] { v d :
FITAAAINNUAIA (stable) Yooy l43) 15y lanla9n Pseudomonas mendocina 3121-1 ¥4
I P o ydd'd AR ~ 1 v 1
Thuenlsdfamnsoinulddniiesiazguynlide 60 esrmuvaFod ualinuaINuaea

Wiow U119 6.3-10.3 NgUHNA1 20 DIAUVAITYE (Surinenaite ef al., 2002)
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3.2.5 quugitazms e ne

a =

a S ¢ 1 a A A 1 a ~ 1
ﬁ]‘alﬁ/ﬁ8LL¢I6$%U@NQ’QAWﬂNLLaSWLﬂ%ﬂLWNTZﬁN@?Jﬂ"liwa@llal‘]_]ﬁﬂllﬁﬂﬁ'l\‘]

QU

a =

AU ¥ Bacillus sp. @10WUF H1 (Handelsman and Shoham, 1994) Tgaivgiiuasfitowi

QU

1 a o o !
mmzfmmmiNamau”lw”lmﬂﬁ ﬁﬂ 60 DIA T AILAT NIDY 7.0 9UANAY TIU Bacillus

4 a A J a I I ~
sp. MYNUT 398 llQﬂ!Wﬂll‘VIL‘Vill”Igﬁllﬁ@ﬂ?ﬁwaﬁlﬂuq%ﬂﬂalﬂﬁlﬂu 55 OA Y ALY TUASWIDY

Y

! I o w . 3 a
Mz audly 7.2 awd1du (Kim ef al., 1994) Junaasamsnaa lanladinansznulasns i
91N 15U MIINANT I 0ONFUUA Pseudomonas aeruginosa EF 2 i l¥nanssuves

lanlaanas (Gilbert er al., 1991)

k4
v v a

o dg‘ [ v 2R o I 9 o =
gatunswaaou sl lanadusuvateiladed s uiudeainnisdnyini

a

{ @ a a 4 4 1 a o a
amazﬁmmzﬁuﬂumimiiguasmiwamau”lmmmqauw?mmamuﬂ uuﬁa YUALLDS

a 1 4 a 9 q'./ a
USuavosmasmsvou "luimmu 290U ﬁuaﬂam ﬁlf]"]ﬁ mJﬂﬁzmqmwgmmxmﬁ]imﬁa

a ) { I a P @ % a
Ysmaeendnuiazate ld @uilugaunidndssnmserna) lunwdouq nu Fsuenainiznan
Fs Ia Y o a I = o ' A A o Y
ou lasinnwaddaszudldelimsnanainsadnassuniagaiee iemusuaunis 149

4

AuNTS N UIAUY 1¥U Ellaiah tazame (2004) lanan laaan Aspergilius niger Mn3alu

2

[

a . 1 9 o AAa 1 a A
9091UA (alginate) WL klﬂlf]ullclmhlmﬂ’d‘ﬂilﬂ%ﬂii3J3J1ﬂﬂ’)1ﬂ15Wﬂﬁﬂ?ﬂl“ﬁaﬂﬂﬁi&m%

v oo = o yy= o Aa A gy
ﬁWﬂJWiﬂi%L“ﬂaﬁﬂQﬂﬁi\i“ﬂﬁll‘lﬂﬂﬁ 3 ﬂﬁ\iiﬂﬂNﬂﬁ]ﬂﬁﬁﬁJﬁﬂaﬂlWﬂ\uaﬂuﬂﬂ

3.3 Paseninanemaiinuuazanuaaaoeu lal lanld

a

3.3.1 guUHQu
a o U @ o Aa 1A o 1 o o
’qmﬁ{]iﬂﬂuﬂfﬂ(ﬂ‘c’J‘Hﬁﬂ‘ﬂﬂJN'sWIﬂﬂ%ﬂiﬁﬂllﬁgﬂﬁ'lﬂﬂ\iﬁ’)@]ﬂl@ull“])’ﬂJ Lau'lcumlla
a ad a [ = Qd’ 1 o d‘ 1 [ 1 r'd
L‘]Jﬁi]"lﬂﬂﬁuﬂif]@n\i%uﬂ HITNYUNYNNNISANADNITNINIUNLANA NN Y meu“lwmﬁm:

] ]
=1

lunsdiinseauNguuINIRAINTSNGIEA 19U Humicola lanuginose No.3 waa lan)aiil

q

a o ~ a =\ Y] aAa S I s A 1
NINTTUANUAIAIGITANGUVINY 60 i’)ﬂﬁ%“ﬁﬁl"ﬁﬂﬁiﬂﬂﬂﬂﬂduﬂi]ﬂi'ill 100 1WosIEua o UN

U

Wunan 20 ¥2Tu9(0mar er al., 1987) waglanlann Bacillus thermocatenulatus 7055

Ngain 60-70 pIF AT HARIAINGUNNN 40 OIAUYAIFOA (Schmidt-Dannert ef al., 1994)

3.3.2 Witoy

a ada 1 a {

lanJavingaunidnnuasgungiigediulngifanssugeiganou linia

a U a

{ [ 1 f
oy NI UNTA 19U deromonas sobria LP 004 U@ Pseudomonas cepacia NNOFNHINZ TUAD
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myshamveaeylad lanlawidu 6.0 § 37 sarusaiFed uaz 5.56.5 5 50 earuTATYd
AMuUSID (WaFE13u Tavinsena, 2538; Sugihara e al., 1992) wonvnien s lanladu
Trailinnuasia luiitessreaning wiu Tanlann Bacillus sp. 398 finnuasdalusiefioy 4-
11 ietudunan 1 2739 (Kim er al., 1994) latla91n Pseudomonas sp. KWI-56 Haun4

a2 luaaney 4-10 meluszezaity 24 93134 (lizumi ef al., 1990)

3.3.3 looouveslans uay reagents @1'1\10]
Taei 11 lopauvesTanes 1w Ca™, Mg™, Mn™", Na™', Li"” getiumsiiau
woslanle 1wu Ca”™, Na™, K uag Co Unanszdunanssuveslawlanin Bacillus sp. 14
I S < d 1 a S 4
antieelszanm 7 wesidud dauBa  nszdunanssuveslan)a’lane 32 nlesidua
(Handelsman and Shoham, 1994) Ca”" Hnadonanssuvea lanaan Humicola lanuginose No.3
A -4 a 1T A Aaa I a 1 A Aaa 1
MNIUIN 233 gianolaaans 1y 59.7 giadoladans (Omar e al, 1987) daulu
. 1 2+ A [ P a ~ n 9 o Y
Aeromonas sobria LP 004 W71 Ca’ agtinanuasarveson lyingumvgiigen 1ila 1
a = 4 a 4
UIgNT (MeA513U Tariasega, 2538)
a 3 o
Wang uazaae (1988) laaglauyagiuanuiulyldvenalanisiieu
=3 [ 1 a o 9 A =1 ]
voanasen losouaemsauasumsianuved lanald 3 dsems Ae unadenloseusie
H 1 o o A -4 1 A {
asu31/319 (conformation) Weatou lasai 119 1ddedu Fremunsaaduvelanlan
4
oil-water interface U1a21¥8v9AN3A 11NN oil-water interface W13 lar) avirau laaay
aa.z‘ = ' 1 Jy a ] .
vunsaliseanuilessuveslane lulinanszdunanssuueslanla iu Sugihara nazame
1 Aa A 4 1 1T A

(1991) WU Ca™, Mg™, St 1ag Ba™ anuidudu 1 Jaaluans lulinasenanssuveslanla

1 Aa A o 1 1 o
0 Bacillus sp. WATNUIN Ca’ ANUINTY 1 Haalyars ludimademsiauveslanasn

Y
Q/

Pseudomonas sp. KWI-56 (lizumi et al., 1990) us lanladmIngignduisdie lovouvesTans
HUN WIN Fe2+, Fe%, Zn%, Cu’ way Hg2+ U Humicola lanuginose (Omar et al., 1987) Bacillus
sp. (Sugihara et al., 1991) U8 Flavobacterium odoratum (Labuschagne et al., 1997) Gl,u‘]ymﬂ% N
NUNA5U lane (metal chelating agent) 1% EDTA (ethylenediamine tetraacetic acid) Tytina
g lanla 1wy lanlaan Bacillus sp. (Sugihara et al., 1991), Pseudomonas cepacia (Sugihara et
al., 1992) %yiﬁ’gﬁu’h”lmﬂa ma'Wﬁyllllmlﬂ; metalloenzyme 11§ Muderhwa 1182 Ratamahenina
(1985) WY1 EDTA (a2 pCMB (parachloromercuribenzoate) Sudamsinanveslanlain
Candida deformans CBS 2701 G?x‘]ﬁ'@ﬂﬂé)@\‘]ﬁﬂ Yamamoto 0% Fujiwara (1988) éﬂ‘W‘U’h EDTA

Y
1ag pCMB dudamstiauveslawlavin Pseudomonas sp.
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33.4  anUUZUDAUEIATN (Physical state of substrate)

o a dg’ A o AAa ' g‘ v W
ms1/1NmmaQ"lmﬂﬁ%zmﬂwma"lmﬂﬁgﬂ@ﬂmuwmazmnmﬂmf‘umm‘ﬂ
=
U

14 b4
]

H [ [ < A Aaan To o
1 liazaenin (oil-water interface) 9a5 13 ATHAUVOIUHATO W UBGAUS WU TN AVDS
Y

a [ 9 dgl [ dy Aa J :j [ (% U Yy A Aa U 09} [
llﬁlﬂﬁﬂg]ﬂﬂﬂc]ﬁ_luh HAZUYUNUNUNHITERINWUINUAUTLATNAIY DINUNHITENINNUINDY

[ = 492/ o dd?l 9 .
AUFARTNUUINUVY msvmmmm“lmﬂﬁ%mmma (Shahani, 1975)

335  fhazagdunid
. 1 a S I 4 1 A a
Sugihara sagAMe (1991) WUN pea lau 20 1osiyua (V/v) BANUNINTTY
] 4 v A a 1
vo'laan Bacillus sp. 18949 60 1losidud uaonnuuduvetozd lausnnii 60
73 0o q Ya ' 2 A ~ A Y 9 o .
losigud vz lnanssuvedlanlaanated1asiasi oradieannnezd Tauaududini
] 4 o { {A 1 :j [ 1] 4 o o o 3
60 WosiFud (viv) mlinunmszuNahfuduaesndunvy i lieu lrdianldaau
(] a { 1 J I 4 o
Tass1emnmsdeaninvealisdy druezd launanududuuinnii 60 Weosidud 919
Y d A a a ! [ 3 a o
Tdouleiideaniwuazgaudonnssy druensududennssuvoauou lailunnaim
Y 9 & - T R & ) a
LUNUUAILA 5-100 Wosidua 1wuaeIn U uI¥e Pseudomonas cepacia N1TLAY
. . A a s d o v o @
dimethylsulfoxide 130 9% 1w 0-35 1osidud (viv) 9znszdumsiauueseon lxi luvag
' Y
MUUFULRZIENSUNHAIVEN (Sugihara et al., 1992)
3.3.6  Emulsifying agent
. I =2 Aa Ao 9 AQ Ao Aa 4 o oaj
Sodium taurocholate 1Jug15aausIAIAINR NI ueNaghees LU
a o 1A 4
Aangsuveueu lriemmnaisauazisananssuvouen el lanla (Handelsman and Shoham,
1 v A 4 [ 1 A o
1994) uaoiagvhaess 1 lasemunsiianveslanlaiaue 1)) Watanabe wazaa (1977)
1 09; =K A d‘d . . A oy =S [ 3 a
WU NMIA50AuTIARINNY529aD (anionic  sufactant) HAINADIAVLTVTININITUVD
lawlaveuarsinanlae Pseudomonas fragi Q¥ Pseudomonas nitroreducens nov. var.

thermotolerans

d
4. M3A39%aa (Immobilized cell)
J Y A Aaa a 1A A G oA A
ey laiansawy 1@ luddiziannatia uayauns dilunvasitinzauige
0 o a P o 4 Yy a do =q 9
dmSumswanou ladluszaugadmnssy iesnnlddunumsndandr anrzildluns
Aa ld?’ o ) A OSJ‘ Y 09/' SJtﬂy A a 9 a 14
Han luvuduiua Adaazggnia Idszeznadu dnuilumswdadoonazamnsonanla
a : oA a J 1 I J o
Tudsuanng 18 Fueu lainldningaunidamwnsouda1diilu 2 nqu Ae oulainieusn

E4
a K Y

7 b s a @ 1 \
1%a@ (extracellular enzyme) Fuiluon laingaunsdnanvundiantlaoseonsinwad g
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< & s o s . £ s o '
eWmLamwauamau”l%uﬂegmﬂclu@31,%@1 (intracellular enzyme) C}N!,ﬂm@u"l«mﬂmmag

o g ' s & 0 ¢ s Yo o & Y an
mﬂﬁlumwaaﬁluiwanmsmwmmmfa fniu'ILE]uul"“]ﬂ\lfﬂfJGlUL“]faﬁ‘JJ'lﬁlsb'uu‘iﬂl‘]JUGI@Q'J‘ﬁﬂTﬁ

@ 4 o EAR] [ a’/‘ as Y] Y d o

ﬁﬂmau"l%mmmmnmwaaﬂ@u LW]61‘11!‘U'Nﬂ3\‘]'J‘ﬁﬂTﬁﬁﬂﬂﬂflﬁlﬂuq“ﬁulﬁﬂﬂ’n‘”ﬂ\?ﬁ'Jllﬁg
9 vy a o a A 9 [ 3 A 9 Aa K Yy
mﬂwunuiumsNammzmimmqmmﬂauﬂmqq mumwaamunumiwamq”lﬂumi

o o 4 . 9 1 aaa
HIAUFAA (whole cell biocatalyst) 3J”I(1°1$1uﬂ”lil,§\1ﬂ§]ﬂifl”llmu

[
=1

S a ad = . = S a  asa o w
IHAAYAUNTYNYNAT (Immobilized cells) HU1YD IFaaYaUNITINGNINNA

Y

Y a

A d‘ arAa 760 Y 1 a :i! o A ] =S
EU’E)‘]JL"lmViﬁi’)ﬁﬂ"IuVWINV\lﬁﬂﬁ{lW@QGI,N‘]JSL’J‘EMNVIﬂﬁi}ﬁuﬂ’iEllliJQ'ﬂJLﬁEJﬂTJ”IEJﬁ”IiﬂiﬂsluﬂTi
< o 1 o I ¥ 09/’ 1 1 A a =4 ] A Jdo
Lﬂuﬁﬂliﬁllﬁgﬁnﬂiﬂu'lllﬂ‘]fulﬂﬂﬁﬁlﬂiﬂﬂEJNG]E]LHE]\‘] Iﬂﬂﬂauﬂiﬂ@WﬂﬂQiuﬁﬂ1WﬂL%ﬁaﬂ1ﬁ\1
a % Iy A s Y A o D] s a  ada =< 9y
IY LFAATSYSWN UIDLEFAANALAD (‘]Jjel‘lJ'l YNTUNTD, 2540) ﬂ'lii“]ﬂ“]fﬁﬁi]ﬁuﬂiﬂﬂgﬂﬁiﬂllﬂ
a = v = Yy a 3} Y <
UNMTANHIVIUIULAD Iﬂﬂ‘lu‘ﬂ f.7. 1823 Schuetzbach Vlﬂllﬂ?iWﬁ@]ﬂ'lﬁh’d'lﬂ"]éllﬂﬂi’)ﬂﬁ?
ad 4 {a
(Quick vinegar) felauFenaauey 'l
=~ ~ Y Ao 9 A ax 9 d a A A =<
!,‘]JiEJULVIﬂUﬂJE]@ﬂ‘]JleE]!,ﬁfJGU’EN’Jﬁﬂ'Ii‘l“]ﬂ,G]fﬁﬁi}'au‘ﬂiﬂ gnasy

%

a J J ' I =KX o g 1 = =
UYUT BITUND (2540) PA1IN Lmaaﬂgﬂmwmﬂu WUINNNWNBIUAY

@
a d! d'd o w =S 9 Y A2 [] d‘ = [ [ 1 Qdd’ =)
yilanilanianudidny vazlide lanSounasediuieiisunuans 35ouq Ao
- dgnsemeldanzilnduaz ldwasnuaelgnselinnudumizuazing
~ [ Ly a 9 1 P =
msnfasumlasludasge dyminsinananiizies uarraangnais
o a aaa
Joideno doans Iawlawesaralumsinalfnse
@ v 3 @ ' 1 v W
- Pegriumswinidluszuuvesdns wmedinm uamsndninldaise g
Aa A Y I J o a S o 1 o
N wwaie lmiuuraindsnuyesgaunid luseninamsninms
] Y v
auguuuUasiiosrzi ldenuaznasninmsnindugaduenwandaai
Y A 9 7~ R AY A Aaan
dvamsoonlasin msldwaaignaiiiden Ao awsaaruguignse
YN} 1A o dy a S d VA
1ade azaan lididlyrimsduwilouvesgdunidnguandimisounen
a Y oA =2 A o [ Y n 9
HaWAn 19418 Iradignasalinuaeanugeansoiinaun lgluila
qu/ S = 4 v Y [ A
NN UIEAaNYNATIIUANINVDITAATEBZWNADINITNAIIULHD
1 1 Qﬂjl I A a v o
anuegsoamnniu iumsiuwanan laganiinmsnain
9 Jdo o = o aaa 3 Y
- mwnsaldmadsauning waziimsAnvnelgaservuaanla u
a aan Y a Y c’d’
msnaanIugulnse e msonsnrananoon Iddzain waangn
=KX A Y = A = 1 FI = o =\
asaldoide Ao e lsiielumsasusaduazeagydsnuaInIso

Tusezranamansala
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am = 4 1 Y I ad 1 1 = o = d A =<

FmsaTuzaanta iy 3 33 vgjq wwReanumsasaeula Ae n1soa
A20A111 (carrier-binding  method) N151¥ouLUU 197 (cross-linking  method) LaZNTHORN
(entrapping method)

J

= A @ ) = A a A d [ [ o A [] g;
I. NITIAAIAIUT KUI1YD ﬂ"l'ilfb'i’)ll!‘ﬂfﬁai]‘au‘ﬂiEJI@]EJG]?Qﬂ“]J@’JHTVIUhJﬁza"IEJH”I
. . s 1 3| A
(water-insoluble carrier) C"quﬁmm”lﬁ’mu 273 ﬁﬂ
. S ax = % ) S o A o o 9
Adsorption method L‘]J‘L!’J‘ﬁﬂ?i@]i\uc}fﬁiflIﬂEJGLVEL%aﬁﬂﬂ%ﬂﬁTiﬂLﬂu@’JuTﬂ’m
o . 4
Wuselalasiou (hydrogen bonding) U5UIUADIAA (van der waals force) taglalaslu
a a J o o [ a y @
UnBUIMBSIBATY (hydrophobic interaction) 1A80IRINANMITITUFIANIUAT 11090 1AMIT
4 A A A A o 9 . . . . . . &£ qgj o A
FAAVOIUANITINT08aAUTZNOUAY diaminopimelic acid iL81¢ hexamine 93529191l 980U
A A 9 9 =2 dada & and 1 o 9 1 a = N Y
NINYIVDINY mimqwamﬁmﬂunmw Lm!,Li\i@jﬂ“]ﬁJﬂ’t’]u%'lil@@ulﬂﬂﬂ'liqmul’ﬁm‘]faavlﬂ
A A = =~ .. J a A =
\TIEJUJ'E'JiJﬂ'IiL‘]JaEJL!LHJﬁ\TW!'O“]f, ionic strength, ﬂ?il’lﬁﬁﬂl@\‘lu'l, MsnaneIeIMALaZINoNNT
1 J v :/1 Qddyd ' 9 o =2 I AA Y a A
IS INIS I3 muu’mmﬂmmmzmmumimqwaaiummmmqmiwawaﬁwﬂﬂﬁﬂmmﬁ
g 4 1 @ @ g o . . o o
Yudlouveurad uao1vdsuliumsigadulngaliulaTaen1591 cross-linking ¥dIn1sgady
Aa vAa o Y A dy 9 4 . S Y
u,azslu‘vmﬂgmm%uwaLﬁauuﬂ%ﬂiﬂwu desorption L%ﬂﬁ‘ﬂﬂi]ﬂﬂ'ﬂuﬁnﬂﬁﬂﬂ@ﬂhlﬂ 1an
o J 19 A dy =< 9 Qddyw 29 A &£ A [
@.ﬂ%mmaaiwmmmnmuw HONINUNITATIAIITUEINIDLAETZNTHIN AO BAIINIIPA

o s £ 1 o o 1 Y o = Y Y Y A~ & o @
FULHFAAAD W UNIT UIYUDIAIUINDUUINNAN L!G]ﬂ@WﬂLLﬂhl"llvlﬂIﬂﬂi%ﬁWiﬂNiWiulﬂuﬂﬂﬂﬂ“ﬁU

a u
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o 1 ~ 9 I o Y] <Y th;‘ 9 1 = P [ o v

aregndsnldudigaduradaiedsi laun Tnduyanlsan biazareti (eyWusves
<3 o = a % a a d @ 4

waglaa @nduasu uazezmslae) Tsau (vaaautazdayin) Indwesdunsizr (In

a a I'4 ]

aliilanaelsd ua ion-exchange resin %W DEAE-sephadex, DEAE cellulose) Laig @13

a aAd A <3| 9
UUNTY (BF NIYLUAL porous glass) wWuau

I A {a 4 4 1
Covalent binding method (H133NHen1dlunsasaenlayd iiesnnldnadua

9 Y

(=Y = s Aa A A o & 9 a R I a =2 o Y 4
"lnuﬂu”lumimqwaaﬁ;aumﬂ LLlﬂﬂﬂTﬂ%TLﬂu@@ﬂi%’ﬁTiLﬂMcﬁQNﬂl‘]Ju‘WE mmwﬂmmaa
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J o 14 =2 JY 3| A J [ .
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fe

v X A

AHq ¥ & o 1w ' 2 3 1 a
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4 Y ] 4 Ao o 9 9 ) { [ 9
i9anmMsasanuse Indaunaulnasuiudesslsarsdanininmsaaudalag sl
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£
ad A

s 1Y o o adq g ' = HqYd o = sy !
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Pre pro BOL

Figure 3. Schematic diagram of ROL maturation and localization in Rhizopus oryzae cells.
Cleavage of pro-region from the precursor lipase Pre-pro ROL gives rise to two
lipases. ROL 31 locates to the cell membrane, whereas ROL 34 is transported to the
cell wall, from where it can be secreted.

Source: Hama et al., (2006)
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Figure 4. Schematic diagram of packed-bed reactor (PBR) system.

Source: Fukuda et al., (2007)
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Table 3. Parameters and their levels employed in the Taguchi’s experimental design.

Number of Parameters

2 3 4 5 6 7 8 9 10 |11 12 |13

2 |L4 (L4 | L8 |L8 |L8 |L8 |(L12|LI12|L12|L12|L16|L1

L9 L9 |L9 |LI18|L18|L18 | L18 | L27 | L27 | L27 | L27 | L27

4 |Ll6 |Ll6 |Ll6 |Ll6 | L32|L32|L32|L32|L32

Number of Level
W

5 | L25 | L25 | L25 | L25 | L25 | L50 | L50 | L50 | L50 | L50 | L50

Table 4. L, 3% orthogonal array of Taguchi experimental design.

Experiment Factor A Factor B Factor C Factor D Response

1 1 1 1 1 Y1
2 1 2 2 2 Y2
3 1 3 3 3 Y3
4 2 1 2 3 Y4
5 2 2 3 1 Y5
6 2 3 1 2 Y6
7 3 1 3 2 Y7
8 3 2 2 3 Y8
9 3 3 1 1 Y9

FMSUMTHIONTNAVDI5ZAVA1NY Iuuaazileteninanenineuauedn
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auls ensadinaldnndundelunaaz szauniiogluganiinaaes (Mean of one factor at

Y
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level, ML, ) 151 vinaulanszaulavesilods B iiingen awnsadiuim 1a dail

Fi4+Y4+Y7
ML = -_—

B,1
3
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Fz+Ys+1a
ML,, = —3
ra+¥e+ie
ML,, = —3
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Table 5. Analysis of the results of the L9 (34) orthogonal test.

Level Factor A Factor B Factor C Factor D
K, ML, , ML,, ML, ML,
K, ML,, ML,, ML, ML,
K, ML, ; ML, ML, ML,
R= max (k) - min (k) R, R, R, R,
Rank
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Table 6. The Central Composite Design of independent variables.

Run Independent variables
A B C D

1 -1 -1 -1 -1
2 +1 -1 -1 -1
3 -1 +1 -1 -1
4 +1 +1 -1 -1
5 -1 -1 +1 -1
6 +1 -1 +1 -1
7 -1 +1 +1 -1
8 +1 +1 +1 -1
9 -1 -1 -1 +1
10 +1 -1 -1 +1
11 -1 +1 -1 +1
12 +1 +1 -1 +1
13 -1 -1 +1 +1
14 +1 -1 +1 +1
15 -1 +1 +1 +1
16 +1 +1 +1 +1
17 -2 0
18 +2 0
19 0 -2 0
20 0 +2 0
21 0 0 -2 0
22 0 0 +2 0
23 0 0 0 -2
24 0 0 0 +2
25 0 0 0 0
26 0 0 0 0
27 0 0 0 0
28 0 0 0 0
29 0 0 0 0
30 0 0 0 0

Source: Song et al., (2007)
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3. M stagNyaLasaInN

Fomsniluazormsiasuio usEndnannsa/lszima

3.1 Chloramphinicol Sigma/Analyzed/Germany

3.2 D-Glucose Ajax Finechem/Analyzed/Australia
3.3 Sodium chloride Labscan/nalyzed/Thailand

3.4 Malt extract Himedia/Analyzed/India

3.5 Peptone water Himedia/Analyzed/India

3.6 Yeast extract Himedia/Analyzed/India

3.7 Rhodamine Himedia/Analytical/India

3.8 Gum arabic Fluka/Analytical/France

3.9 n3alviulemdn Nacalai/ Analytical/Japan



3.10 p-nitrophenyl palmitate (pPNC,,)

3.11 Sulfuric acid (H,SO,)

3.12 Hydrochloric acid (HCI)

3.13 Sodium hydroxide (NaOH)

3.14 Potassium chloride (KC1)

3.15 Phenol

3.16 Potassium dihydrogen orthophosphate (KH,PO,)
3.17 Calcium chloride hexahydrate (CaCl,.6H,0)
3.18 Magnesium sulphate (MgSO,.7H,0)

3.19 Sodium carbonate anhydrous (Na,CO,)

3.20 Copper sulphate pentahydrate (CuSO,.5H,0)
3.21 Amonium nitrite (NH,NO,)

3.22 Ferrous sulfate hepta hydrate (FeSO,.7H,0)
3.23 Calcium chloride (CaCl,.2H,0)

3.24 Maganese II sulphate 4-hydrate (MnSO,.4H,0)

4. gunselilddmiunaaes

gilnsel

4.1 1AT0AFaNATow 2 §utie 31 BP2100S

42 1509 anATIoN 4 §utie 31 BP221S

4.3 Vortex mixer

4.4 é’ﬁm%@ (Incubator) “c’!;?si}’é] Memmert iq U BE 500

4.5 é)fh‘c’llglﬂ:’f) (Biological Safety Cabinet) ?jﬁﬂ Hotpack
(34 527042, 41, 62, 61 class 11 type A)

4.6 otz adileth (Autoclave) U $8-325

4.7 Norimos (pH meter) :g'u Metter Toledo 320

4.8 luTasthlavina 10-100 lulnsans

4.9 luTasthlavuna 100014 Tasans

4.10 ATV 3017

4.11 andnlas T Tailwes 31 U-2000
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Sigma/Analytical/Germany
Merck/Analytical/Germany

Lab scan/Analytical/Thailand
Merck/Analytical/Germany

Ajex Finechem/Analytical/Australia
Fisher Scientific/Analytical/England
Ajex Finechem/Analytical/Australia
Ajex Finechem/Analytical/Australia
Ajex Finechem/Analytical/Australia
Lab scan/Analytical/Thailand

Lab scan/Analytical/Thailand

Ajex Finechem/Analytical/Australia
Ajex Finechem/Analytical/Australia
Ajex Finechem/Analytical/Australia

Ajex Finechem/Analytical/Australia

v Y

VIEngWan/ Ussima
Mettier Toledo, USA
Satorious, USA
Labnet, USA
Schwabach, Germany

Scientific promotion, USA

Tomy Seiko, Japan
Mettier Toledo, USA
Labmate, USA

Gilson, France
Gesellschaft, Germany

Hitachi, Japan
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4.12 Thin-Layer Chromatography/Flame lonization

Detection analyzer (TLC/FID) ’:; U latroscan MK-5 Latron laboratories, Japan
4.13 1n5eeilunaw (Homogenizer) ﬁq U T25 basic Ika, Japan
ad a d
IBNMIIAUAIITH

= [ 1A 9 A v A 1
1. Wew damioy laglmaTosiaiey U Metter Toledo 320
U o = d

2. MIUVNIUIUYAN
o w v A A 2 Yy 9 A Aa A aa
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a a 4
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Ja A 3
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° I P Ja a N A o Y .
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o d 1 a Aaa G A Y 4 . .
uuzeaadaelianans = waaoaaniula x 10° x dilution factor

A Jd v
3. ﬂ1§‘i’ﬂﬂ§3~ﬂﬂ!!°ﬂﬁﬂ!!?’i\‘]
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A ¢ v (Y] (Y] =] it d
4. mymfSinausaauiisliagneganasnnas avaadan
) @ a s @ . .
’mmumiw1ﬂimmmaaﬁgﬂﬁ?ﬂmﬁﬂwqq (Biomass support particles;
o @ @ a s 1 @ o 1 A
BSPs) 1114 Tagordonis it lUsAvveusadnogluiagugs udnie Tsaunlaun
=} o 1 a = o a J Y = [ = sa
Meununsminasguszrielsunaldsaunulsunaaauns samsdana ldsauanaaan
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v v
Tagrh ldduazimeuluoredand Taiin (ultrasonic bath) A0450UIDVAL 30 U 10U 11)
Y oy A I =} 9 1 [ oy < =\ ) Y 09/' 1
auliniudealuszezinar 10 WA awdreguluerninds s i i lddudnasuazgulu

[ oy < a 09/' 1 a A Aaa a = 9
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3% Lowry (Lowry ef al., 1951) udnialusaui ldunmiSinausaduia Taaisudunsl

1 a Y a s
nasgusznelsuna TlsauduySunassaduie (Manuan v 4o 2.2)

5. mynnzrinanssulalasladavewenlailanladass
1%13% two-phase emulsion method édﬁﬂllﬂﬁﬂiﬂﬂ?ﬁ%@ﬁ Lee 115 Rhee (1993)
5.1 answanlulfnzen
miwfmﬁluﬂﬁﬁ?mﬂizﬂe‘uﬁ’amjyn‘]'uﬂwﬁuﬁazmﬂalullaieyaaﬂmumm
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a Y 9 J |1a a aa 1 < Qy 9 09:
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Inszrdsnansa luiudase Ineds cupric acetate method (Ghosh et
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A Aaa y % 1 <3 Qy Y QaJJ o [ a J 1a
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v A U =) d‘ zﬂ' (% a L% d‘

luiiudasz Tagmsiamsganauuasiinanueninau 715 wrluwas dalsuunsa lugduin
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(AMIganauLaIi 715 1 Tuwas) x 8A3INTI0919

a 4
ﬂ‘ﬂﬂiii]éllﬂﬁl’f)ull“]m (U/ml) =

v 3

AMANNFUVRINI AT TIN x szeznar lumsnngasen

a ng 4 a L4 a a
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(Extracellular lipase activity, U/L)

d Y} d
6. mﬁm‘s1:ﬂﬁfnns‘smau"lcuﬁ"lmﬂamnmwaa (cell bound lipase activity; CBL)
1475 two-phase emulsion method Faeau1/as91nI5Ued Lee 1182 Rhee (1993)
1 = v 9 (R aaa [~ @ I a1 da' <3|
wu@eInUe 5 uadunanlulgnssesiluduyadsaandiumsasaiuszeziial 96
o a a a ) = dY < 1 =~
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Gl“]aﬁ% two-phase emulsion method F99A11/a9910I5UDI Lee 1AL Rhee (1993)
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! o o o o aan 4
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Table 7. Factors and their levels employed in the Taguchi’s experimental design for cell-bound

lipase by Rhodotorula mucilagenosa.

Factors Level 1 Level 2 Level 3
Carbon source (2%) Palm oil Coconut oil Soybean oil
Nitrogen source (0.4%) NH,NO, Tryptone Peptone
Surfactant (0.2%) Gum arabic Tween 80 Triton-X 100
Initial pH 4 5 6

Table 8. L, 3% orthogonal array of Taguchi experimental design lipase production by

Rhodotorula mucilagenosa.

Run  A:Carbon (2%) B:Nitrogen (0.4%) C : initial pH D : Surfactant (0.2%)

1 2 1 2 3
2 1 1 1 1
3 3 3 2 1
4 2 3 1 2
5 1 3 3 3
6 3 1 3 2
7 2 2 3 1
8 3 2 1 3
9 1 2 2 2

= = d' % d'u A
1.3 anmdSnanminzauvesifadannataen

o a 1 4 1 a =R A d‘u A
WriaveuraInsueu urad lulasnulazsiagisaausifaninaa@en
nAnydSnaimzan TagI19UNUA1INAABIULY Central Composite Design (CCD) t1ag

a a 4 a 1 %

191mAiA response surface methodology (RSM) lumMsdnsizrdTunaimuzay alins
o J o [ o [ ° t;‘ "y A oA
svuasigegauazige 1y 5 szau dauaaslu Table 911 lihidesTaaararenIosven

[ A M a Ia a 4 ax
200 s9URUIN 1TUNa1 96 ¥ Tue Anszvinangsulelas lasaveueu law lalaauisas

a Y
WUATICHUD 5 UDS 6



Table 9. The coded levels and real values of the independent variables in the response surface

methodology.
Parameter Level coding
Variable
(% w/v) -1.68 -1 0 1 +1.68
X, Palm oil 0.32 1 2 3 3.68
X, NH,NO, 0.1 0.2 0.35 0.5 0.6
X, Gum arabic 0.2 0.3 0.45 0.6 0.7

Table 10. The Central Composite Design of the significant variables (in coded level).

Run X, X, X,
1 1 1 1
2 0 0 0
3 1 -1 1
4 -1 1 -1
5 1.68 0 0
6 0 -1.68 0
7 1 -1 -1
8 -1.68 0 0
9 0 0 0
10 0 0 0
11 -1 1 1
12 0 0 -1.68
13 0 0 1.68
14 1 1 -1
15 0 0 0

16 0 0 0
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Table 10. (cont.)

Run X, X, X,
17 0 1.68 0
18 -1 -1 -1
19 -1 -1 1
20 0 0 0
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Table 11. Lo (3*) orthogonal array and results of Taguchi experimental design lipase production by Rhodotorula mucilagenosa.

Run Parameter Numlt)er ﬁf Biomass Extra. yield acﬁt(iifa i;t}?}]?ile‘l d Yzb;OSynthetic gctivit}’
A B C D (L}(l)cjgaz e;:;ml) (e/L) (U/L) (UIL) (% conversion)
1 Soy. NH4NOs 5 Gum 8.35+0.22 9.63+0.46 1223.86+56.86 145.9+9.66 33.92+1.67
2 Soy. Peptone 6 Tween80 8.43+0.12 9.43+0.25 1166.04+32.02 176.9+2.33 11.89+0.85
3 Coconut  Peptone 5 Triton-X 8.32+0.22 6.30+0.15 893.80+14.07 88.3+10.02 0.00+0.00
4 Coconut  Tryptone 6 Gum 8.23+0.06 5.83+0.23 737.21+£20.14 49.9+5.68 19.20+2.45
5 Palm NH4NO; 6 Triton-X 8.34+0.02 11.23£0.07  669.75+17.89 57.242.22 0.00+0.00
6 Coconut  NH4NO; 4 Tween80 8.24+0.34 5.30+0.22 999.81+25.26 73.6+1.78 15.69+1.26
7 Soy. Tryptone 4 Triton-X 8.21£0.11 8.36+0.14 896.21+12.47 99.5+4.87 0.00+0.00
8 Palm Tryptone 5 Tween80 8.40+0.03 8.23+0.27 664.93+15.55 57.6+£3.73 15.19+1.45
9 Palm Peptone 4 Gum 8.42+0.08 7.70+0.07 715.52+26.33 83.1£2.75 35.59+0.87
C Glucose  NH4NO; 5 Tween80 8.76+0.06 15.60+1.07  63.34+6.53 5.77+0.75 0.00+0.00

*Lipase activity was determined based on the hydrolysis of palm oil at pH 7.0, 30 °C.

®Palm oil and methanol (1:6 mole ratio) were used as substrates. All values were analyzed in triplicates.
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Table 12. Analysis of variance (ANOVA) for total cell bound lipase (CBL) production by Rhodotorula mucilagenosa.

Activity yield Biomass FAME

Sum of Mean Sum of Mean F- Sum of Mean
Source df F-Value  P>F P>F F-Value ~ P>F

Squares Square Squares  Square Value Squares Square
Model 6 14532.51  2422.09  20.75046 0.0467 12.59 2.1 0.42 0.8276 1401.37  233.56 5.7 0.1567
A-Carbon 2 10539.87  5269.93  45.14851 0.0217 5.28 2.64 0.53 0.6554 44.06 22.03 0.54 0.6503
B-Nitrogen 2 3327.82 1663.91 14.25501 0.0656 2.79 1.39 0.28 0.7827 45.32 22.66 0.55 0.6439
D-Surfactant 2 664.83 332.41 2.847856 0.2599 4.53 2.27 0.45 0.6889 1311.99  655.99 16.01 0.0588
Residual 2 233.45 116.72 10.03 5.02 81.93 40.97
Cor Total 8 14765.96 22.63 1483.3

R’ =98.42% R =55.65% R’ =94.48%
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Table 13. Analysis of the results of Taguchi experimental design lipase production by

Rhodotorula mucilagenosa.

Y1; CBL activity yield (U/L) Y2; Transest(eg/ioﬁ(:c(a)lrtli\(/)enr Ssi}:)rrllt)hetic activity
A B C D A B C D

Kla 66.0 116.1 85.4 93.0 16.93 15.83 17.09 29.57

K, 70.6 69.0 97.3 102.7 11.63 11.46 16.37 14.26

K, 140.8 92.2 94.7 81.7 15.27 16.54 10.36 0.00

R’ 74.8 47.1 11.9 21.0 5.3 5.08 6.73 29.57
Optimal level A3 Bl C2 D2 Al B3 Cl D1

aki = (Zthe value of one factor at level i)/3.
°R = max (k) - min (k) of one factor.
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Figure 6. Contribution of four factors on hydrolysis activity and methanolysis activity by

Rhodotorula mucilagenosa in a submerged culture using Taguchi experimental design.
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Table 14. The Central Composition Design of the significant variables (in coded levels), along

with the responses (DCW, CBL yield and FAME) by cell cultures of Rhodotorula mucilagenosa.

DCW (g/L) CBL yield (U/L) FAME (% conversion)
Run X, X, X,
Actual Predicted Actual Predicted Actual Predicted
1 1 1 1 12.27 11.19 95.40 149.91 25.52 26.52
2 0 0 0 10.84 8.45 262.36  243.51 63.00 63.47
3 1 -1 1 10.76 9.23 170.57  134.19 45,98 49.57
4 -1 1 -1 6.27 6.58 109.86  144.81 62.39 50.80
5 1.68 0 0 8.49 7.27 95.40 90.33 21.58 23.72
6 0 -1.68 0 991 9.77 155.39  204.92 52.73 61.77
7 1 -1 -1 7.47 7.59 124.31 124.61 62.31 50.59
8§ -168 0 0 591 6.76 92.51  100.29 16.90 25.83
9 0 0 0 8.84 8.45 24790 243.51 62.00 63.47
10 0 0 0 8.49 8.45 252.24  243.51 68.00 63.47
11 -1 1 1 11.64 10.78 102.63  100.91 8.53 12.25
12 0 0 -1.68 6.93 6.03 103.72 123.83 51.45 68.64
13 0 0 1.68 10.36 10.90 108.41 95.23 41.56 35.66
14 1 1 -1 7.20 6.99 90.34 79.98 30.67 27.30
15 0 0 0 8.44 8.45 218.99  243.51 57.46 63.47
16 0 0 0 7.87 8.45 237.79  243.51 65.29 63.47
17 0 1.68 0 11.02 10.74 229.84 184.14 26.25 28.74
18 -1 1 -1 7.51 7.38 24140 185.47 76.37 67.38
19 -1 -1 1 9.56 9.02 7228 81.22 33.21 28.59
20 0 0 0 8.44 8.45 242.12  243.51 67.50 63.47

DCW, Dry cell weight; CBL, Cell bound lipase activity yield; FAME, Fatty acid methyl ester
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Table 15. Analysis of variance (ANOVA) for response surface linear, quadratic and cubic model of DCW, CBL yield and FAME by cell cultures of

Rhodotorula mucilagenosa.

DCW (g/L) CBL yield (U/L) FAME (%convertion)
Model s Df MS* F  pvalue R SS° pf MS F- pvalue R SS' Dff  MS F-  pvalue R
value value value
Linear 38.73 3 1291 8.66 0.0012 0.62 16563 3 552.1  37.69 0.0004 0.01 2682.3 3 894.11 292  0.0662 0.35
Quadratic 10.80 3 3.60 3.73 0.0494 0.85 67746 3 22582  12.92  0.0069 0.83 31774 3 1059.16 10.71 0.0018 0.86
Cubic 3.94 4 0.99 1.03 04611 091 14028 4 3507 0.048 0.8353 0.98 60524 4 151.31 2.37 0.1657 094
Aliased Aliased Aliased

‘SS, Sum of square.

bDf, Degree of freedom.

‘Ms, Mean square.

DCW, Dry cell weight

CBL, Cell bound lipase activity yield

FAME, Fatty acid methyl ester
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Table 16. Analysis of variance (ANOVA) for response surface quadratic model for DCW by cell

cultures of Rhodotorula mucilagenosa.

Factors Coefficient  Standard  Sum of p Mean F- P-value
estimate error square P square  value Prob>F
Model 9.315 0.40 52.9300 9 5.88 6.09  0.0046
X,(Palm oil) 2.077 0.27 3.6400 1 3.64 3.76  0.0811
X,(NH,NO,) -31.676 0.27 1.1500 1 1.15 1.19  0.3015
X,(Gum arabic) -1.136 0.27 33.9500 1 33.95 35.13  0.0001
XX, 0.333 0.35 0.0200 1 0.02 0.02  0.8885
X, X, 0.778 0.35 0.1100 1 0.11 0.11 0.744
X, X, 28.395 0.35 3.2700 1 3.27 3.38 0.0959
X, : -0.507 0.26 3.7000 1 3.70 3.83 0.0788
X, : 28.805 0.26 6.0500 1 6.05 6.26  0.0313
X, : 0.171 0.26 0.0002 1 0.00 0.00  0.9884
Residual 9.66 10 0.97
R'=0.85

‘Df, degree of freedom.
The bold values indicate the significance at or above the 95.0% confidence level.

DCW, Dry cell weight.
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Table 17. Analysis of variance (ANOVA) for response surface quadratic model for CBL yield by

cell cultures of Rhodotorula mucilagenosa.

Coefficient Standard  Sum of Mean P-value
Factors Df’ F-value
estimate error square square Prob>F

Model -178.699 15.86 7771097 9 8634.55 5.710  0.0059
X, (Palm oil) 124.0208 10.52 121.12 1 121.12 0.080  0.7830
X,(NH,NO,) 218.5536 10.52 530.56 1 530.56 0.350  0.5668
X,(Gum arabic) 1258.027 10.52 1004.67 1 1004.67 0.660  0.4341
XX, -6.62523 13.75 7.9 1 7.9 0.005  0.9438
X, X, 189.7225 13.75 6479.03 1 6479.03 4280  0.0653
X, X, 670.5535 13.75 1821.05 1 1821.05 1.200  0.2982
X, ? -52.5138 10.24 39741.99 1 39741.99 26.280  0.0004
X, ? -783.722 10.24 4481.17 1 4481.17 2960  0.1159
X, ? -2143.72 10.24 33527.63 1 33527.63  22.170  0.0008
Residual 1512537 10 1512.54
R'=0.84

‘Df, degree of freedom.

The bold values indicate the significance at or above the 95.0% confidence level.

CBL, Cell bound lipase activity yield
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Table 18. Analysis of variance (ANOVA) for response surface quadratic model for percent

FAME convertion by cell cultures of Rhodotorula mucilagenosa.

Coefficient Standard  Sum of Mean P-value
Factors Df’ F-value
estimate error square square Prob>F

Model 39.56 4.06 6595.69 9 732.85 7.4100  0.0022
X, (Palm oil) 29.85 2.69 4.86 1 4.86 0.0490  0.8289
X,(NH,NO,) 159.11 2.69 1340.51 1 1340.51 13.5500  0.0042
X,(Gum arabic) -29.78 2.69 1336.96 1 1336.96  13.5200  0.0043
XX, -11.19 3.52 22.55 1 22.55 0.2300  0.6433
X X, 62.95 3.52 713.29 1 713.29 7.2100  0.0229
X, X, 2.67 3.52 0.029 1 0.029 0.0003 0.9867
X, : -13.72 2.62 2710.82 1 2710.82  27.4100  0.0004
X, g -291.40 2.62 619.51 1 619.51 6.2600  0.0313
X, : -181.13 2.62 239.36 1 239.36 24200  0.1508
Residual 10 98.9
R’=0.87

‘Df, degree of freedom.
The bold values indicate the significance at or above the 95.0% confidence level.

FAME, Fatty acid methyl ester
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Table 19. Effect of different biomass support particle (BSP) for immobilization of whole cell of

Rhodotorula mucilagenosa.

Protein cont. Cell cont. Activity
Biomass support particle (BSP) mg/g BSP mg DCW/g BSP U/g DCW in BSP
3M Cellulose sponge 2.81+0.81" 12.45+3.73° 4.35+0.70"
Poly(vinyl alcohol) Chamois 3.84+0.12° 17.57+0.55" 4.27+0.19"
3M Polyurethane sponges 1.79+0.30" 7.94+1.38° 0.67+0.21°
Poly(vinyl alcohol) sponge 3.42+0.14" 15.65£064" 2.07+0.58°
Sugarcane bagasse 1.7240.19° 7.87+0.90° 0.56+0.02°
Corn cobs 1.60£0.25°  7.31£1.16° 0.51£0.11°

Palm decanter 2.15+1.14% 9.83+1.14° 0.40+0.05°




Yeast cell

Figure 13. Stereo microscope (x45) (a) and compound light microscope (x400) (b) of 1: sugarcane

bagasse, 2: palm decanter cake and 3: corn cobs.
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Figure 14. Stereo microscope (x45) (a) and compound light microscope (x400) (b) of 1: 3M cellulose

sponge, 2: poly(vinyl alcohol) chamois and 3: 3M polyurethane sponges.
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Figure 15. Effect of 3M Cellulose sponge size on cell concentration and hydrolysis activity.
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Figure 16. Effect of Poly (vinyl alcohol) Chamois size on cell concentration and hydrolysis

activity.
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Figure 18. Effect of 3M Poly (vinyl alcohol) Chamois containing on cell concentration and

hydrolysis activity.
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Table 20. Comparison of cultivation for cell concentration and hydrolysis activity.

Cell concentration Hydrolytic activity
FAME
of lipases
Cultivation . (% conversion at 72h )
mg DCW/g BSP (U/g DCW in BSP)
Non- repeated cultivation
b ab b

In 3M Cellulose sponge 14.77+1.97 7.54+0.93 33941.03
In Poly(vinyl alcohol) Chamois 14.95+1.08" 5.48+0.86" 0.00
Repeated cultivation
In 3M Cellulose sponge

nd b b a
2 26.44+1.61 6.42+1.44 5.38+1.32

rd a ab a
3 32.04+1.61 6.52+1.04 7.56+1.68

th a a a
4 34.0442.11 6.88+1.68 7.87+0.68
In PVA Chamois

nd b b
2 23.65+3.61 5.622.00 0.00

rd a a
3 273742.53 5.86+1.27 0.00

th a a
4 27.02+1.81 5.78+0.85 0.00
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Figure 19. Effect of amount of yeast immobilized 3M cellulose sponge on methyl ester
production. (reaction conditions: palm oil 3.0 g, methanol 0.324 g (mole ratio 1:6),

water content 10.0%, 30°C, 1000 r/min, 72 h.).
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Figure 20. Effect of water content on methyl ester production by transesterification catalyzed by
immobilized yeast cells (reaction conditions: immobilized yeast 2.0 g, palm oil 3.0 g,

methanol 0.324 g (mole ratio 1:6), 30°C, 1000 r/min, 72 h.).
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Figure 21. Effect of temperature on methyl ester production by transesterification catalyzed by
immobilized yeast cells ( reaction conditions: immobilized yeast 2.0 g, palm oil 3.0 g,

methanol 0.324 g (mole ratio 1:6), water content 10.0%, 1000 r/min, 72 h.).
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Figure 22. Effect of mole ratio of palm oil and methanol on methyl ester production by
transesterification catalyzed by immobilized yeast cells (reaction conditions:
immobilized yeast 2.0 g, palm oil 3.0 g, water content 10.0%, 35°C, 1000 r/min,
72 h.).
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Table 21. Qualitative compositions of fatty acid methyl ester in biodiesel.

Composition Fatty acid methyl ester (%)
Caprylic acid methyl ester (C8:0) 0.008
Capric acid methyl ester (C10:0) 0.012
Lauric acid methyl ester (C12:0) 0.22
Myristic acid methyl ester (C14:0) 0.76
Palmitic acid methyl ester (C16:0) 37.86
Palmitoleic acid methyl ester (C16:1) 0.20
Stearic acid methyl ester (C18:0) 4.83
Oleic acid methyl ester (C18:1) 40.12
Linoleic acid methyl ester (C18:2) 11.11
Linolenic acid methyl ester (C18:3) 0.20
Arachidic acid methyl ester (C20:0) 0.43
Cis 11-Eicosenoic acid methyl ester (C20:1) 0.07
Behenic acid methyl ester (C22:0) 0.00
Erucic acid methyl ester (C22:1) 0.13

Lignoceric acid methyl ester (C24:0) 0.024
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Figure 23. Standard curve of standard solution protein BSA analysis by Lowry method
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Figure 24. Standard curve of dry cell weight between protein concentration.
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1 0.063 0.050 0.088 1583 2.89 24.938 Methyl ester

2 0.120 0.108 0.153 2025 3.34 31.899 Triglyceride

3 0.162 0.155 0.200 242 0.45 3.807 Free fatty acid

4 0.246 0.234 0.255 153 0.23 2.86 1-3Diglyceride
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6500 11.72 100.00

Figure 25. Retention time of standard glyceride and methyl esters.
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7. mawsenmsazaeeamntiviivies anududu 0.2 Tua1s (Perin and Dempsey, 1974)
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322818 B : 0.2 M dibasic sodium phosphate (Na,HPO,.2H,0 36.61 N5

Tuiinau 1000 Haaans)
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