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ABSTRACT

This research project aims to investigate the feasibility of immobilizing enzyme lipase from
Candida rugosa and using this immobilize lipase for improvement of fish oil so that the percentage of
polyunsaturated (0-3 fatty acid increases. From the comparison of immobilizing lipase on alginate
with the addition of gelatin and glutaraldehyde and on ion exchange resin with the addition of Arabic
gum, it is observed that immobilizing lipase on ion exchange resin yields higher lipase activity of
15.69 FFA/g bead/hr in comparison of 7.843 mmol FFA/g bead/hr for immobilized on lipase on
alginate. However, the selectivity of immobilized lipase on ion exchange is lost while the selectivity
of immobilized lipase on alginate is 0.3536 mole DHA/mole free fatty acid which is close to the
selectivity of free lipase of 0.3874 mole DHA/mole free fatty acid. By loading the immobilized lipase
on alginate with the addition of gelatin and glutaraldehyde in a packed-bed reactor, it is found that the
fish oil after the catalytic hydrolysis has the free fatty acid of 6% and the percentage of DHA in fish

oil increases from 33% to 44% when the retention time in packed-bed reactor is 30 minutes.
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o < [ 1 Aaaa Z { 09/' 1
Glutaraldehyde a4 T Idnstans s@duasaziiu lamaswlasensai 1 nazasei 2 Tanw

UANANTUT 08N

=1

.. a =2 = o A
Activity ‘lJ’t'Nhlm‘]Jﬁﬁ]ﬁﬁzl!,ﬁzllmﬂﬁﬂgﬂﬂﬂ@]’ﬂﬁ?iﬂ’iﬂllﬁﬂ\iﬂﬂ@nﬁﬂﬂ 3.1

=1

= L. a = = .
A1319N 3.1 Activity maﬂhlatﬂﬁaﬁimazhlmﬂﬁﬂgﬂﬂﬂmmu Alginate

Tanla da5y f180.05M | 91801 M | @28 05| @280.15 M, Gelatin

M 1ag Glutaraldehyde

E4 [ E4 [
v A v A
ATIN 1 ATIN 2

Activity 1,142.31 1.471 1.961 2.451 7.843 6.863

(Wmol FFA/mg lipase/hr)
(mmol FFA/g bead/hr)

o % .. 4 a d' = 2K A 1 [ 1

145U Selectivity voutou laal lan)adaszuazNgnianiedinanaanuoglu
AUADIAADDUVDINITIA A 0.3874 mole DHA/mole free fatty acid 1182 0.3536 mole DHA/mole

1 4 1 1

free fatty acid 193 Id11msanT o laiuu Alginate lilinane Selectivity

= ] o) e - P . S a .

onaassldoulailanlaignianisun Alginate NTn151AY Gelatin 1Az

Y Y Y
Glutaraldehyde Tshgaserduiniudarlaenald 1 Aunud Hnsaludunatiundsnini
Aaaa a o A o A d? a 1<
U1 2.49% wazlsumnsa luinTioud -3 induan@y 33.43% 11 41.32%
Q a Y A @ :’ o 1 a 4

o119 Usuansa lviiu liduds o-3 luihifudarniinsiasizsd laae 33.43%
v v v [
1 ganiilim 35189113 Tae Chantachum 1182 AME (Chantachum et al., 2000) NHM3518911 137
25.5%

=< =2 o .

3.1.2 m3tansuou s lar)auu lon Exchange Resin

A = = | . '

ionsIvaoUNaveInsonnsueu o lailauu on Exchange Resin n15139

Ugnseveweu ladlanlafiegluarisazarsgmiminlsoufsunuesen sl lanaignanss

1 o A 1 aaa @ 3’ % J [ {
g1 Ton exchange resin lagautumasalgnsenduiiiuihay dwaaawalugiln 3.2
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3.5

—&— Free lipase

— # — Phosphate buffer #1
------ Phosphate buffer #2
—>=-DI#1

—X%—DI #2

—@— Phosphate buffer+ gum #1
—+— Phosphate buffer+ gum #2

251

% FFA
N

1.5

0.5 1

Time (min)

v Y v '
51 32 manalfaserveniniuihaylaseulsdlanlaiedluasazaronazion lal lawlan

Qﬂﬁﬂﬁ?ﬂ‘uu Ion Exchange Resin

{ 3 1 o ~ ] 1 aaa
Tugd 32 szmuldineu sl lanlahegluaisazaroansns s jnsen 14
d‘ =2 = . 1 = o 9 1 aaa [% 3 = )
e m3danselan)aun Ton exchange resin od1uAeIzi I slgnseranas aaiu 3
MINNMIIARTI IABN15IAL Arabic Gum a4 11/ lua15a2a1e Phosphate buffer M351A3 Arabic Gum
o 3

o 9 = = ddg’ Y 1 Aaaa q’: ~ :: ~ 2 1 Y] Y
aﬂulﬂ‘ﬂﬂ’ﬂﬂﬁﬂﬂ@liiﬂ‘lluﬂﬂi]%muvlﬂ’ﬂﬂﬁliﬂﬂ;]ﬂifﬂﬂi\i‘ﬂ 1 HAZATIN 2 UANULANANNUUDY

Un

]
=

Activity 09 lan)adaszuaz lanaignianiauu Ton exchange resin 10150

HAAIAINITIN 3.2

]
=)

A13199 3.2 Activity ¥4 lan)adaszuaz TanlaigndanTauu Ton Exchange Resin

lala od52 | 1u Phosphate 11 DI water A28 0.15 M 11ag Gum
buffer

o 4 o 4 o 4 s 4 a o 4
AIIN 1 AINN2 | ATINT | ATIN2 | ATIN | ATIN 2

Activity 1,142.31 16.67 7.108 5.392 5.392 15.69 14.71

(Wmol FFA/mg lipase/hr)

(mmol FFA/g bead/hr)




=

ionaaoslfien il lanlaiignBanseum Ton exchange resin ANMIAY Arabic gum
o aan [ o o a Y A L a K [ o aaa
Fuiseduiuiulalaial3 1 funuh TnseluiuRadundmnmu§ase 9.65% iaz
a % 1A o A a < : o
Usinansaliuidus -3 diduninidy 33.43% iu 36.38% FIgAAIwAIINITIAAS la

1leruu Ton exchange resin %‘ﬁﬂﬁ!q ﬂlulﬁ 8 Selectivity

1 Y 1 v
o A aaa . . o o o a J a
3.2 M3guiu A5 Catalytic Hydrolsis tve1l5ualgainiuanluasealgnsaiinail
A e o A4 v » , , de a
3.2.Lﬂ’§mﬂ§]ﬂ'immﬂlm/miiﬂﬂ’)ﬂ Immobilized lipase YU Alginate NUNITAN
Gelatin (18¢ Glutaraldehyde
| a '3 A {
Tasms Ifaseegnsaiununimaile (Packed bed) NIN5D359978 Immobilized
lipase UM Alginate NUN34AN Gelatin 1182 Glutaraldehyde HazimsUsuna1nilgnsen

' Y v v
. . ' Y a . . A 1A
(Retention time) WUT0YaLUDY FFA %waﬁumu Retention time 14vaizh % DHA 32AInegn

Uszinmdooaz 44 danaaslugli 3.3

+ 45

+ 40

T 35

% FFA
N
a

T 20

T 15

T 10

0 10 20 30 40 50 60 70
Retention time (min)

317 3.3 Sevazveansa luiiudaszuazfovazves DHA m“lﬂmﬂmﬁm‘ﬂ;;]ﬂﬁmuummﬁqﬁﬁmi
U3 Si]ﬂ’JfJ Immobilized lipase U4 Alginate ‘mJﬂﬁWliJ Gelatin 8¢ Glutaraldehyde LiJfJGl“B Retention

time A114°)

% DHA



H v
10317 33 naalfiiud aunsodfudlsenaniminiular1dTaons 14

L]

= A

! A = . ~ a . v .
Lauhu"lmﬂﬁmﬂﬂﬂmwu Alginate NUNITAU Gelatin 1i8g Glutaraldehyde Taen1n 1% Retention
. ' A o qy o ¥ ¥ & Y o &
time 11013130 WIRvzi nansnlsuilseiosazves DHA 9njosaz 33 lusevay 44 el
WINseuneunuNanITNAaed 1y Gamez-Meza LazAdle (Gamez-Meza et al., 2003) N1 Ko uay
1 9 d' A d?’ av dy Y A [ d' Y :/‘
AN (Ko et al., 2006) WU Fo8azyod DHA NiiuauaInmsdseilndimeedungiean 13 lune 2

uwmmﬁ%’aﬂaz 40.3 1182 38.9 MUAIAY

322 Lﬂémﬂﬁﬂiﬂi’mﬂﬁﬁﬁﬂiiﬂﬁ’w Immobilized lipase UH Ton exchange resin ﬁ
1NIIAY Arabic gum

Tasms1finsoeilfnsaliuuiuniie (Packed bed) ATMIUT39498 Immobilized
lipase YU Ton exchange resin ﬁ'ﬁﬂmau Arabic gum Lmzﬁﬂﬁﬂ%”uwmﬁmﬂﬁﬁ?m (Retention
time) WU ¥00azU8q FFA 121UTUAY Retention time Tuvaizii % DHA easiiogivszum

Soonz 33 aaudaalugili 3.4

3.5

—e— % FFA
2.5 1 - - ®--9% DHA

% FFA
N

151

0.5 1

0 5 10 15 20 25 30 35 40
Retention Time (min)

N

A v A ! 4 a J A !
17 3.4 fosazuenia lusiudaszuaziosazves DHA fildnnieslfnsalnuunaiianussy

.- . . Aa a . y g . . .
18 Immobilized lipase YU lon exchange resin NUNITIAY Arabic gum 1110 1% Retention time AN

D e

45

40

r 35

r 30

r 25

N
S
% DHA

r 15

r 10
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1ngU7 3.4 waadliiaun msldeulsilanlafigniaas sy Alginate NTMs
a [~ { J o {
1A Gelatin 1182 Glutaraldehyde vziflunmiudenianiims lfeu ol lanlafigniansauu
. Aa a . A o A = =
Ion exchange resin NUNITINY Arabic gum Lummmau"l%u"lmﬂﬁwgﬂﬂﬂmwu Ion

exchange resin QiMiloudnvzgaydo Activity aonsa lusiuoud il



UNN 4

unagl

4.1 agwamsidg
4.1.1 M3aasaou Tl lawe
4 o R 4 1 1 o
1. mstansaeuladlaauy Alginate %119 Activity voaou lasianasua Tl
4 a Y
Selectivity ¥4 latler91n Candida rugosa anadlag Selectivity voatou lai laladaszininy
4 { [
0.3874 mole DHA/mole free fatty acid Wag Selectivity Uouou ol lanlaigndansauminy
0.3536 mole DHA/mole free fatty acid
o o d 4 1 Aaaa
2. mstaasuoulyllan)auu Alginate 0191 Iou el Taurzdruiios sl §asen
a . o <3 4 o .. A 4
A51AY Gelatin a2 Glutaraldehype 11 1¥imstanse lalautansaluuasyin s Activity iy
I
910 2.451 mmol FFA/g bead/hr 131 7.843 mmol FFA/g bead/hr
=< = o . A a . 2
3. mygansueu el laauu Ton exchange resin NUNITLAY Arabic gum UAIY
< o .. { [ 1
udusanazin1i Activity vod lalangndanTagega Aoty 15.69 FFA/g bead/hr 1@ lane
g de Selectivity ADNTA T UDUAD
o { { a
4. mydaoulx lanlangndan sy Alginate N1n131AY Gelatin 1182 Glutaraldehype
(] Aaan . I A T A o a dg‘ [ ) Aaaa
1591361 Hydrolysis 1Hunar 1 Au wu Unsa ludunadunasainitilnsen 2.49% uaz
a o A o A 42} a I
YSunanga ludiu lioud o-3 tindunman 33.43% 1y 41.32%
1 Y 1
o a aaa N i o o w a 4
4.12 mIdwiulnsen Catalytic Hydrolsis tWoi5uigainiutarluaiesignyal
ST
y A a 7 A A ! A KR = . A
1. M3 dnaTealfnsainvuaisiussgeu lad lanlangnianssuu Alginate Niin1s
A . [ g’ &2 9 Y .
1AW Gelatin 1182 Glutaraldehyde @11150U5 DU 59nan1miiniularld Taeninly Retention
. 1 o [ I
time ¥10A7130 wivg lnannsolsuilgedesazves DHA 11nfevaz 33 1udovas 44
v v a A 2 3oy = v
wazdevazveansa luiudasunuiwiuiesas 3 fedevas 6
v A a '3 A A ! A = =
2. mildnTeslfnsalnuuiatsiussgou lasd lalaigndanTaun Ton exchange
v Y
resin NN3LAN Arabic #11301591A387 Catalytic hydrolysis vouiwiudar’ld Tagninlsy
. . A o q Yy o a A = v
Retention time 15233 30 wiiezihlvesazvesnsa lviiusasunviuuiosas 3 dedesn

' P Il
az 3.5 us aunsaunNuUsqnives DHA Tde1vilosonmsgade Activity



4.2 Yorauonuy
o A a 7 A o s A = =
1. msnaaeuniesdnsainuuuaisnussyou lad lanlafigndansauu
, da A , 43 a d
Alginate NUNITAN Gelatin 11ag Glutaraldehyde Tuszeznmnuiudwnedszanamsnan
Y =~ o o v Aaaa .
ADAUMIUTUANINANTHNTeN (Regeneration)
[ 3’ % 9 dli a 4 z:' d'
2. wgevnamilivleguaimvesiiudalaslmasesgnssiuuuiuaiian
@ A4 = X . Ao a )
1Jiii]‘mu"lﬁlfllllmﬂﬁ%gﬂﬁlﬂﬁﬂﬂu Alginate NUNITLAN Gelatin 110¢ Glutaraldehyde
v Y [
3. dnwimsueneinsa ludulidudr @3 eenvimiuiularfikiunslioilgs
AUNN

v 3 Y v
4. Anwimaiuiesazveansa lutiu lududs @-3 Tuhdulaunududul e

Transesterification
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4 o A 4 a .
M5190 1 vamsmen Activity veareu Il lanladaszuazigniinn3auu Alginate

MANHIN

a1 (1N)

15394 0.01 M NaOH ##lumslaasn (mi)

0.15 M CaCl, NUM3LAY

Gelatin / Glutaraldehyde

0.15 M CaCl, NUM3LAY

Gelatin / Glutaraldehyde

lauladasy | 0.05M CaCl, | 0.1 M CaCl, | 0.5M CaCl, é‘fm%”uﬂﬁﬁ%‘mﬂﬁzqﬁ 1 é‘fm%”uﬂﬁﬁ%‘mﬂﬁzqﬁ 2
0 0 0 0 0 0 0
1 1.1 0.1 0.1 0.1 0.4 0.35
2 0.9 0.1 0.1 0.15 0.45 0.4
5 1.4 0.1 0.15 0.2 0.5 0.5
30 1.8 0.15 0.2 0.25 0.8 0.7
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M519% 2 nam3ren Activity veateu lanilanladaszuaz igntinn3auss Ton Exchange Resin (Amberlite IRA-96)

a1 (1N)

133184 0.01 M NaOH ¥ lumslamsn (mi)

Tu Phosphate Tu Phosphate 1A Arabic gum Tu 1A Arabic gum Tu
buffer, pH 7.2 | buffer, pH 7.2 Glm‘i"mé%uﬂ%a Glm‘i”mé%uﬂ%q Phosphate buffer, pH | Phosphate buffer, pH
lanladasy Asadl 1 A%ad 2 Nl iz 72 a%ai 1 72 a%40 2

0 0 0 0 0 0 0 0

1 1.1 0.7 0.6 0.3 0.4 0.625 0.55

2 0.9 0.9 0.65 0.4 0.45 0.7 0.65

5 1.4 1.2 0.7 0.5 0.5 0.75 0.5

30 1.8 1.7 0.725 0.55 0.55 1.6 1.5
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a 1 A U A Y b o/ Y o A a J A A ¢al = =<
M1319N 3 Nﬁfni?nf’nﬂ53“@11!611?)\1ﬂiﬁﬂﬂlﬂu@ﬂi%!mgiﬂﬂﬁzmﬁﬂ DHA IﬂfJ1!11’“«!ﬂélli’N‘1«!"IN‘NTJﬁ1TiiNW1u!ﬂ5i’)Q‘]J{]ﬂﬁﬂ!!ﬁJU!Uﬂuﬂ‘ﬂﬂﬁﬁﬂ!@uﬂ“ﬂﬂﬂgﬂﬂﬂﬂﬁ\?ll‘l«!

Alginate 1ta® Ion Exchange Resin (Amberlite IRA-96)

Ion Exchange Resin Alginate Bead

Y51195 001 M | Fesavuesnsa | Jewvazueensa UY51105 001 M | 3evavvesnsa | Sevazvednsa
Retention time NaOH ﬁi%’“lu Tusiudasylu lasiv DHA 1w Retention time NaOH ﬁi%“lu lasiudaselu lasiv DHA 1w
(min) M3 lnmnsa (mi) vihulan vihulan (GC) (min) M3 1Nmn5@ (ml) yhsulan vsulan (GC)

0 0 0 33.4268 0 0 0 32.3248

5.38 0.65 1.274488 27.6642 22 1.4875 2.916616 36.7761

23.78 1.5375 3.014653 34.3248 30 1.8125 3.553859 44,1839

40 1.783333 3.496671 31.3909 65 2.975 5.833231 43.3362
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Han13Na Chromatogram ¥e9dulm
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Han3RA Chromatogram Va311iulal (Ae)
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NanN1IRA Chromatogram memmuﬂm‘nwmmsmﬂgnamma‘lmﬂaemz
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= a0 o aan b a v
NaN1IRA Chromatogram 511931!1%1!1]%117]N11!ﬂ1§ﬂ1ﬂ§]ﬂ§ﬂ1ﬂﬁﬂulﬁ!ﬂﬁﬂﬁi$ (n9)
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v v v
o_ I

= = o (ana ¥ = = .
NaN1InA Chromatogram mammuﬂammumﬁmﬂ{]nstnma"lmﬂa‘ngnﬂﬂmmu Alginate
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v v v
o_ I

= = o (aaa ¥ = = . '
NaN1InA Chromatogram mammuﬂammumﬁmﬂ{]nstnma"lmﬂa‘ngnﬂﬂmmu Alginate (719)
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2 ?:’ U 4‘ v o aaa k4 = =3 .
WNan13INa Chromatogram maemuu1Jammumimﬂgnsmmﬁ‘lmﬂa‘ngnﬂﬂmwu Ion exchange resin
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S 4 ° \
Wam3A@a Chromatogram vosriniulaiikiumsiinsenaselanlaiignian3au Ton exchange resin (19)
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