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Research project Development of high-efticiency lipase immobilization on
economic efficiency carrier for biodiesel production

Research project leader Patcharanan Amornrattanapan, PHD

ABSTRACT

This research aimed to investigate the immobilization of Bacillus sp. BLCD 003-
derived lipase on Montmorillonite and Vermiculite via physical adsorption method. Results
revealed that Montmorillonite-immobilized lipase retained its activity of 0.13 £ 0.08 U/g whereas
Vermiculite-immobilized lipase showed no activity. Therefore, Montmorillonite-immobilized
lipase was selected for the study on the effects of different parameters on transesterification for
biodiesel or methyl esters production. It was found that optimal conditions for lipase-catalyzed
transesterification were 1:3 molar ratio of palm oil and methanol, 37°C for 24 hours using either
Montmorillonite-immobilized lipase with concentration of 250% (relative to the weight of palm
oil) or crude lipase with concentration of 50% as catalyst. Samples obtained from the optimal
conditions were analyzed by HPLC method. The results revealed that methyl esters were
produced in both transesterification reactions using Montmorillonite-immobilized lipase and

crude lipase. Unfortunately, methyl esters could not be identified.

Keywords: Lipase immobilization, Montmorillonite, Vermiculite, Transesterification, Biodiesel,

Bacillus spp.
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2.2 Production medium

[ <
3. Jaquazgilnsal

a

3.1 vangdyw vine 125 Haaaas
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4.9 96-Well microtiter plate (Corning”, Uszineeis 3 GISERD)
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Page |37
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5.4 gl
a %’ [ o @ ] a aa
5.4.1 wudiuhaw 20 n5u asluviagilsuy vine 125 Jodans
) Al 9::I v A
542 @uumuealIuag 2.87 ¥aaans (0a51au Tas luaszrnaingune
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a a Aaa a d J I d A %
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asaou Iyl 50 niu dutiulgnsemaudiedmods lngu
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6.2.1
6.2.2
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6.2.4
6.2.5

6.2.6

6.2.7
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6.3 maslfnsemsudedmesstntu laslHou laimemsaniludusalgnsen
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Y
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a 4 Y 1 a & S I Jd A v 3 o
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U
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6.3.6 i lasuuuliSaneiunaweamss lagl9s TLCUazT HPLC o4
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(Magnetic stir bar) adludinines
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60 DaAFAIF O
6.4.2.2 Lﬁaﬁﬁuﬂﬁuﬁqmwgﬁ 60 oerITAITHALAY ATz Al
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Y o Py Ay < & A qu g
6.4.2.4 Ao Bngungivied itunar 24 ¥ Tus e iensuenau
o 1 g}j a Ed = I3 a
6425 wanlasuuul e imiosazvosmanlasu ldhunaea
d Y Ay a 4 a I'4 YA A 14
MIA73 lamsnazinnziunaeamos Iagliisnuaiwes-

TasunTansMiaz3s HPLC dauaasludo 8 tag 9 auaau

7. MIAANHMIHAMNNaRameS @aulasain Kumar e al., 2011)
a Ay ¥ Y '
7.1 Mnlassazaren 1d9nmMIneassis 5, 6.1.6, 6.1.7, 6.2.6 uaz 6.2.7 laaaluwa
sivuIRag 5 adans
'
7.2 AUBMUBAUIYNT (Absolute ethanol) 151105 10 Haaans
7.3 @utlueauman 3 viea (vealueaumauas I luganruaui lidueou 1l
F)) 1 @
AAYFUNU)
7.4 lToawwsndremsazare Tdenlanson lod anududu 0.01 Tua1s aunsena
= a3 A 1 Y] = ~
asavarofaeunnlaligiludsuyeou waniuimFinasves Tndoulaason laedn 19
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Y
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as o v d' & a d
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nas Tsden leason ledi 19 luganiuny @adans) — iuas sdenlaasen ledn 19 luganaae (iadans) X100
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8. mymnerinmaeameslagl¥isniuaeesInsanlans¥l (Thin layer chromatography)
(@anas1n Kumar et al., 2011)

8.1 M3LATELAHLY Thin layer chromatography (TLC)

v ' o < a X 3 1 a
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A A Y aa I I 9 Ay ¥ o
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o A A
VOIHNIALAIADUN
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A o A 4 A 4 A
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9. MyVATFINaeamesaeIs HPLC (High Performance Liquid Chromatography)
(ﬁﬂuﬂmmn Carvalho, Menbonco, Pinho, Resck, & Suarez, 2012)
wdegen ldnnyanaaenlute 6.1.6 1oz 6.2.6 yanruauNaLINTUYE 6.3.6 LAY
9 3 o s R ) aan s
6.4.2.5 yaaruaunaaylute 6.1.7, 6.2.7 wazihiuihaudailumsaeduvealgnsemsud
dan o a E4 Aas = . I 9
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ADA] Luna 250 x 4.6 mm (C18, 100A) 1%@3@1@11&“@35@1& Mobile phase 1% Flow rate

N 1.0 HaaaaIao LN LAZATINTDUMIUINTITNANNENAAY 205 11 TUAT
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Han1INaod

1. msasdaasudanssuenlwillanlaveute Bacillus sp. Telwian BLCD003 tazpanssu
vosrou laallanlans ezl
NI Bacillus sp. 1o 1waa BLCD003 A1 1149113 Tryptic Soy Broth A
- /3 o A A ) . VA A
nawosoa 15 Weithua mnWude laglue111s Tryptic Soy Agar YNNI 37
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uinesig lanlaelditgadumemenin TaeldsasdruvestSmnaneu lsinous
s a Jd v v v 901 o [ U g v
wounyeTalaludmiiy 5:1 Taesuasaeiimin uazl¥sanainvea)snaneu lainens
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(Y] d a d da d
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3 1 a d:ﬁl = = % 3
(@i 2 ag 3) Taousueusiveiala luilinuiivsuse Tanudnuaeszdy @i 2)
d'i} a 9 9 J A =Y I~ 1 9 Iy g’; = 1
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(A)

= e . s
— Mag= 7.00KX WD = 10 mm EHT = 10.00 kV Signal A = SE1
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vl lanle (Mdsvens 7000X)



(A)

®)

L §

A\ & - > i g
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(®N1UOA 2-methyl propanol 1o T Twswiuea 1-Iimuea tazmsasedan lusasiaiulag
1 %I @ 1 [
Tuasgrnarisiudeneanesed Wiy 1:3 1aeld Crude lipase 910 Bacillus sp. 1o Iyian
[ a I % 1 Aana a
BLCD003 aztown Tani lanlans sguuusueusivesala luiiludusalfisen udrinszd
a o d A Y ax Y v Aqu? o Jd o aan [
WanA N @NeIAIITMI lamsn wundmednlminiuhduhilgizeny
J a < o 1
mwmuealagly Crude lipase tazioulaad lanlaas agtuunsvouiuesa Ta luiidudns
anaa = = < a A ' v
Ufisen B3esazvesmsnfasulihuudiaeameimniige s 12.82 + 4.44 uag
o w A A ana A < o 1 aan
8.13 +2.26 muae Tuvmzndlelonuealulljizen 14 Crude lipase iHudns algnsen
= < a ' v A A a A
Wy SesazvesmsldoulUilumiaeames mity 10.53 = 4.56 TuvazMile 19esialivdia
' Y H
oun wun lilwdaeamed et lulfns ey Crude lipase naziowlxilaulass g
' a <3 v [ Y
usuouiuesa la luiiiludas duaadlumsiedi 1
& a VI Y =R Y YA Y = o : J
nawanese duidIddenmmuea L 15 lumsinymavessaiaiusznig

v

Yy T o U U
iuihduseuoanseed ludwuda il

Y = < a = 3 o o ana v =
mei 1 Fevazvesmauldou hldhundiaemnefi lanminiuihduinlgisoduansadl
wiaa1 q Tagld Crude lipase iz Tanleas sgiluunsuouivesalalun

Yy Y S I S 3 v 1 anana
anunIy 50 tlesua dludusalgnse

PUAVDINIIAN %Conversion of methyl ester tiloi13a§zen Tasld
Crude lipase "lmﬂﬁm?ﬁgﬂuu
usueuriuealalun
Methanol 12.82 £4.44 8.13+£2.26

Ethanol 10.53 £ 4.56 0.00
1-butanol 0.00 0.00
2-propanol 0.00 0.00
tert-Butanol 0.00 0.00
Methyl acetate 0.00 0.00

Wanenie) Mool 37 eseisaiod Uu 24 53119 VAT BAUE

<3 1
AIINEIITOU 150 iﬂﬂﬂﬂu']ﬁ
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v Y d d
3.2 dana@uszrnaiiuhandeueanegea
:g} ¥ % o Jd o aan o @ J 1
Tumsnassstilsnhduhawsingnsenuwmuealusasidaiulag Tuasening
¥ 1 1 U
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asgtuunsueuninesala luidludusalfisen udrmseiiosazvesmaaou luilu
a d Y axy T @ ] ~ 9 901 Y o o anna @
wiaemmMeiAIITMs liasn wuhdmedenlsiniuhawihlgisaduwmuealy
o U v I Jd 1w 4 . J
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wumsiiawiaames awaaslumsied 2
A a YI Y =y IA o ' SN ICN.
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weaneaod Ny 1:3 Tl lumsdnuimavesnnududuse sy lai ludauda 'l

3 dl a dl %’ C4 o aasn v
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1:4 0.00 0.00
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1:6 0.00 0.00
1:10 0.00 0.00
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I a9y

Wty 50 o3 HYevazveamslasu luflufianamesnniiga fie 13.80:4.81
Tuvaziins 14 Crude lipase AnuuduBy o H2osazvosmsuaowlilunfiaeaned
widy 1111 ledidud Tuvafidrosailfion o lanlaasaguunsuourivesalalui
andid 250 wesiFud Tfesazvesmnfaeu udamnesinniiga miy
10.09 + 3.62 fauaasluarsadi 3

nnraiese13iedise 18800 Crude lipase AT 50 nloSIdUA tas
wulad lanlanssguunsuouiueialalust anududu 250 nlediud lUlHlumsanun

Havogamgiludnuaa 1

Y Y { < a sy ¥ 3 o d o anaa o
M1 3 Fovazvesmsulasu lUiluwiaeamesn ldnminiuhdwihlgnseny
o J ' %’ o J Y .
wimuealusasiaiulagluassinaniuaeueanoaoa 1:3 Tagly Crude lipase
' Jd a Jd Y Y K-
wagtou land lanlaas agruuusueuiuesa Ta luianududuans o Wudas

Ugnsen

d ¢ ¢ § ana
anudnduvesoulel (oSidiud) | %Conversion of methyl ester tiiotss1lfnsen Taaly

Crude lipase "lmﬂﬁm?ﬁgﬂuu
1 '3 a d
umau‘nuasaia"lu‘n
25 11.11 +£4.81 8.68+2.12
50 13.89 +4.81 8.42 £2.89
75 11.11 £9.62 n.d.
100 11.11 £9.62 8.27+£3.35
250 n.d. 10.09 + 3.62
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3.4 qumgi
91193 1% Crude lipase AN 50 nlofifud uaziou i lanlaaagiluuns
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< Y a 4 9 = < a < Y Aax 1
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v oA <3 v 1 ana AoA a =~ =
@10619N 1% Crude lipase Wludusslfnseniungumail 37 ssrsaiboa Jiosazvoins

= < a 4 A A A A a
wasu hlidhuuiaeamesuiniiga Av 8.82 +5.09 yo9a3uAoNguHRl 30 HAZ 45 DA

= o v @ oA 1 a I v 1

raiFoa amady uazdledailfou Il lanlaas iguunsueuiuesa Taluiiluduss

aaa A oA a IR = = < a
URnRseiuigungi 30, 37 waz 45 osrusaiFoa Bosazvoamsnlasuldluwiand

2 Y A a = = = < a
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Y Y { I a S Y %’ o 4 o aana o
ms1eh 4 Fesazveamsulasu llidhusiaemnesn ldnnmininhawhilgnseny
o [ 1 [] %’ @ [ d 1w 9
oanodoa luoaau lag Tuasyrnaiiuasieanodoamny 1:3 1aely Crude

tipase ttaztou i lanaas aguunsveuivesala luiiludus algizen

Qﬂm{]ﬁ % C Conversion of methyl ester Lﬁﬂl‘jﬂﬂaﬁ%ﬁlﬂﬂﬂi%}
Crude lipase ﬂalﬂﬁaﬁqgﬂuu
v r'd a 4
uimumaiaTa"luw
30°C 5.88+5.09 730+3.93
37°C 8.82+5.09 9.14+4.11
45°C 2.15+1.86 8.05 + 3.54

o A ann 4 1 <3 1 o
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v v v I Jd 1w A a
wmuea lagldsasdiuTasTuasznnainiudeneanessd Ny 1:3 Nguwgil 37 oasn
= < 3 a ¢ = <
waimea (a1 8, 16, 24, 32, 40 tag 48 2119 ud1nszriIosazueamsnlasu lailu
a 14 as 1 4 '
wilaeame a1 sms lawsn wuiiie1d Crude lipase uazon sl lanlassagouns
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vounuesalaluilumasalgnsenilunat 24 $11us B3esazvesmsnlasuliilunia
14 a A o v A F)) = v
wameiniiga Aiv 9.09 tay 8.79 + 2.36 mudau uaziiie lfow lxilawlaassgiuus
J A 7 1 ana < 2 1A = <3 a
vounuesa laluilumas algasenilunauiu wun B3esazvesmsnlaeu liiluaiia

4 == a v ¥ ' o o f
lﬂﬁlﬂﬂiﬁﬂa\ulﬁﬂuﬂ'ﬂﬂgﬁﬂﬂqﬂu@\‘]llﬁ 32-48 &]fijlN ﬂ\“lﬁﬂ\ji“ﬂ'ls'lﬁﬁ 5
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Y = < a s 3 o Jd o ana v
M1 5 Sevazvesmsulaeu luiluwiaeame it ldnminiuthduhiljnzedy
] [ %’ @ [ [ -
wmuealusasiaiulas luasznauiniudeeansaed tmnu 1:3 Tael¥ Crude

lipase taztou i lanaas aguunsveuivesala luiiludus algizen

szgzRMVBIMIMIUGH3n (%’ﬂm) %Conversion of methyl ester Lﬁmﬁ'qﬂﬁﬁ%ﬂﬂﬂi%
Crude lipase Tanleasegou
usuounivesalalui
8 1.96 +£1.70 0.00
16 6.06 +5.25 327+1.56
24 9.09 +£0.00 8.79 +£2.36
32 2.15+1.86 6.11+3.52
40 6.45 £5.59 6.65£2.35
48 1.96 + 1.70 5.34+3.67
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duaasnuealgnien (R=0.35) ualm RfLmfwhq%1ﬂmsﬁmnwmﬁacl%’mu'lmﬁmqﬁ’maz
Twidenlansenlyd Tnewun R, vesasiilfion lsfmamsduaz Tndou lansen ld
fludusslfasensianlndiRosdu @1 R, 5f 0.50 uag 0.58 audl) (mwﬁ 5) AN
s ldnnms e laimeduas Tndew lansen ludiludas wgseniiumsaiia
@oau Femainzilurdasusiufiaedned fuaadluawi 4 uaz s tazuaaa
Crude lipase 91071152 @nEawlumsisalfisen1d lid Baduaswiwiawames 1alu

dl o ] a I'4 a 4 Ay
“Llaiil1i1mfl}ﬂﬂlﬂﬂﬁ]u‘ﬂﬂﬁ!ﬁi’Ji]llll‘W‘ULiJ‘VIE‘]Lﬂﬁ'mﬂimﬂﬂﬁﬁiﬁﬁnlﬂﬁ%ﬁﬁﬁﬁn‘ﬁ TLC

Fatty Acid Methyl Ester &

Triglycerides

MNN 4 HamsInTIErNans s iuiaeamo3A1e3% Thin layer chromatography
A ? o J Q £ 2 ? o J @ Y
nna (1) A Wiiwhduusgns; ) e iduhauwaunuwmueauaz 1y
%’ v J @ 1
production medium {NU crude lipase; (3) Ao i hdumauiuwmueauas 14 us
I'd a Sy 1 ? o Jd o ana @
wouiwesala luin li'ldasg; @) fe diiuthduhdjisenowmuea Taeld
2 I3 v 1 aan ? o J o aan %
Tminen laason ledidluauswlfnser; (5) Ao iiuhawhiljisennummuealae
L4 < v ann ? o d o ann Y
Toulasinmamsaniludusalfiser; (6) fe ininhawinlgnseduwmuealae
<3 v 1 ann ? o J o aaa o
1% Crude lipase ludnialfsen; (7) Ao diiuhausinlgnsennummuealaold

wulad lanlanssgthuunsueuiveiala lusifluduswljison
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Retention factor
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050 -

040 - 035 038 038 035 035

0.20 -

010 -
dusalfasm

0.00 T T 1

MNT5 1 Retention factors Yosens i TudIve I Inneinaasuiuianmmneide
7% Thin layer chromatography
Wnenva (1) Ao ﬁwﬂ’umﬁmﬁiqwé; @) Ao thihdusauiuwmuoanaz 19
production medium UNY crude lipase; (3) A v hdunauiummueanay 19 13
uauﬁm?aTa"luﬁﬁ"hi"lﬁ’ﬁ?qgﬂ; ) Ao ﬁﬁuﬂwﬁmﬁwﬂﬁﬁ"&mﬁmumuaaiﬂﬂi%’
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wulmilaulasssguunsueuiueialalusifludus wlfasn

a ¢ A 3 a ¢
4. mywnnzriniiaeameslaglidinizy HPLC
ieusunanmsnanwiaedmein laninlgnsemsudiedmes ladun 14 Crude
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Y < & 1Y ] = v o A o a o Y
Taanganadeunazgamuauduiludedgameinunuini lims iz ne 195
a 4 = a SY A 2 2 ax Ao 1 A
Mo Insinlans il lms1zraie35 HPLC Fuiluitnaaeuninnu lhganinds TLC
' A o Jd a J ¥ A asn .
wuninaasuiaesmesgnad wiuluganade s wlgnser Taeld Crude lipase 1oz
A ann ' o a s A =
Tuganaaevuiiisalfnser Taolden sl lanlasssgouusueurinesalalud iownd
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JUuDYO peaks N30y luganagouNtTeIyaLana199INgJUDVOI peaks N1l51n9 T
% 1 %I o X 3 H ann ° [ 3
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v <3 e P v ] o ' P
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< a o a 4 1 [ [
ganagouiluwia wameivoinsa luiuriiale 11ipa91ne1 retention times T ey

. . = . & Q A
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250 | 5
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200
E—2le]
150
100 ====Test-Free
(A) lipase
50
0
-50 Time {min)
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250 2
e==STD
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200
s====Control-
150 Free
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====Test-Free
100 lipase
(B) P
50
0
-50 Time {min)
0 5 10 15 20 25 30

i 6 TasinTaunsuvesansiogluganaaeuily Crude lipase Hudsalfazen (Test-
Free lipase) (381Me1f1 F.AM.E. mix (C8-C24) (STD uag (A) 1y (PO)

VB (B) ¥an1UQUNaaL (Control-Free lipase)
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250
=
= ==STD
£
200
PO
150
100 :Test-lMM
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(A)
50
0
-50 Time {min)
0 5 10 15 20 25 30
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2 s==STD
£
200
=== Control-
150 MM
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(B) 100 lipase
) t Vo M—
0 EJ— ‘)".—__ihl i-‘ E—
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0 5 10 15 20 25 30
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UNN 5
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J d a o
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<3 I v 1 aaa 3 X ' a
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a s a X 9 o Yy 1 YY ax v ]
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Wodnsz1inan1e7t HPLC nwuniimaasaiuiaedmesinavululjisemsudioame
N v A . J J A < v 1 T o
3lnFuRn1F Crude lipase taziou sl lanlaassgiuunsuouiuesalaluiidluduse uads

1 a a o o
liamnsosyyriiavesniawameivonsa luiuld

anUsiemwamsnaaes
F4
msaanzinanssuveaeu lad landalumsinuil 1a 14 Crude lipase 910
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. . [ A d o = o A g
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v o 1A 9 4 . < a o o 2 . A P
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v ¥y ¥ o
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. =< 1 ' a s 1 Ja JY ax . .
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o 3 =~ 1 o (= ' = L4 | '
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A 4 1 da I Y 9 [] [ Y 1w
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TaasnaeTadoulaason laa uazlsiuedrimauilududinme’ Fulledgagane
= I ' 4 4 v o aan v = o 3
waewiudvuyeou tissnniensaluiuknlgnsonulsdou laasen laday Tandenuih
0 q.¥ S S g A ° < &
mldanuilunsame il msazaresznfdsuiludruy @10 msal unune, 335e man,
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