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CHAPTER 1V Y'
N

Interesterification degree of dual lipase system in acidolysis ofwln;tearin and oleic

acid Y
|
4.1 Introduction é ' .S.
s b

hethdr in imghobilized form or

&

lipozym H\/Qmmonly used to act
1 ]llét]l and Kadivar (2012),

free lipase to produce structure lipid. Immobi
as a biocatalyst to the interesterificati :re}'
“« Q

have interesterified camel hump fa istear i &p(w/w) TL IM to produce a
potential cocoa butter analocc. ilc rca‘ion vhictdonduct under the presence of
supercritical fluid carbon (Kldu rai 7\& used(ofganic solvent have produced most
similar cocoa butter ana@ndu S

Q) . fl S

£

On the other h? ce e

Interesterification oftenly involve a single lipa

Jaus
=
=

—_—

—_

.ﬂlO@died interesterification by using TL IM to

.
synthesis 1,3dIC y]-2—palmitoylgl?&’ml (OPO)-rich human milk fat substitute (HMFS)
from tg -rich fraction and ethyl oleate. The research found to have 31.43% of
()1’0:8 under optimum reaction condition. All this various end-products reactions

were employed a single lipase system.
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These, have come to an extend whereby researchers seek to understand multiple enzymes
activity towards a certain reaction. Wang et al. (2012) catalyzed acidolysis of cw oil
with caprylic acid with several enzymes including immobilized lipase 1%6 lipase,
lipozyme TL IM, lipozyme RM IM, Novozyme 435, lipase AK, newlasg F and lipase AY.

All these lipases were screened for their ability to incorporated intotgge gfola oil and act

as a single lipase system. ? .
However, back in 2010, Huang et al. used combin s of fmm i'iz 1pases,

novozyme 435 and lipozyme TL IM to carried OYM tr% o

biodiesel production using response surface megh gy ﬁ‘S The;%und that under

&

5% summed amount of enzyme load, 1.8% 01\702 me 43@knd 3@6 lipozyme TL IM

O, i o
g, A Ony VS h h@ust methyl ester yield,

e

ati@\&f lard for

generated a markedly positive synergis

03.5% (Huang et al., 2010).

Thus, this allows more sludﬂm 111"
ﬁh :

be done. The effect of

\ atic
‘
reactions and corres dlav paghme{ery 0 @ludied. Based on Ibrahim et al. (2007), a

synergistic effegq %rcd 1{1' nd lip$combinations but largely depending on the

N

lipase spccicw re and their ratiossNbrahim and his co-researchers investigated a dual

lipase

AK. The interaction between lipases was measured according their degree of

interesterification and synegystic effect coefficient. The findings showed that, 70% of TL



IM combine with 30% lipase AK shows high interesterification degree where the two

lipases plays vital role in catalyzing interesterification of palm stearin and agcoXut oil.

&

They believe that there was “assisted immobilization™ effect of the immf§pbiligd lipase

)

towards the co-existed free enzyme.

44

By seeing the possibility of combination enzymes to pron c r action rate and

obtaining the optimum condition, thus, it has been a favg axchels to
experiment lipases combination on various type of @leilc ti L}L@UOH of
lipase combination in catalyzing a reaction was LX S1 s 1e n of palm

ngtQ fect from two

stearin and oleic acid to see whether the san@m

lipases imply towards this acidolysis reg 'in_ka% oleic acid. The

N

gree of the acidolysis

o

reaction. \

4.2 Materials &\ O

pn I\ﬁlymes, Germany. Lipase AK Amano 20

Lipozyme TL IM v Chas
Japin. ¥Tm Stearin was obtained from Sime Darby

purchased from j%aldl ich, {,}’

Niu. Oleic acid, h—wxane of GC grade, chloroform of liqud

Jomalina,

chromatlgaMy (L.C) grade, acetonitrile, acetone, and sodium methoxide were purchased

from Mcrel# Germany.
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4.3 Methods

N4

4.3.1 Production and Purification of Modified Palm Stearin usi %rt Path

Distillation ‘

Acidolysis reaction of palm stearin and oleic acid conducted bafol

gr)S Mtal shaking
L d
=

& ers obg;ned using
N
K rds Lypozyme

winf Nagachinta and
Akoh (2012), Kadivar et al. (2014) and Kamar et al. (2011

water bath at 60°C. The up-scale reaction was conduc@@
method Koh et al. (2008) using the optimum condilu?& OUR
RSM, 3 hours time reaction, 10% enzyme load,%wo of

TL IM and 1:3 substrate molar ratio of palnmm 1% \

mixture was added anhydrous sodium sglla agdilte us(k filter paper Whatman
“« QU
No.1 at 50°C. SQ

Excess fatty acid from modi

it can cause rancidity todgge
mixture was lmnst'c@ahc

KD6 30624204

V

under atmosp

wp essure. Solvcnl—i%t product was distilled at 180°C at 700 mTorr at a
feed rat ml/h. The reservoir heated with external hot water at 85°C to keep the
samplc liquid state. The internal cooling trap condenser temperature maintained at

5°C, which then condensed the evaporated free fatty acids. The purified modified palm

stearin was then preceded to triacylgliserols (TAG) analysis.
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4.3.2 Enzyme Reusability

Enzyme reusability was done by following the method of Oliveira ar a (2006)
without washing the enzyme with solvent. The process was conducte e the upscale
of acidolysis of palm stearin and oleic acid in the stirred tankw bioreactor. The
reaction was performed under optimized parameters as stfed mflhod 4.3.1. The
enzyme was collected after the filtration and then reuse catal zth batch of

®

acidolysis reaction. This procedure was done repeated] h thefsa qit)on alles

S

times reactions of acidolysis. The products for each WeLL ¢ ted Jdenoted as
& N
batchl (S1), batch 2 (S2), batch 3 (S3), batch 4 wd baﬁh 5).<‘

s g‘n s
4.3.3 Determination of TAG Composi - IjCrest@i lc@n Degree

u
.}} &
N
Determination of TAG accordhg toNoh etll. OD@ the use of different detector.
P
The sample melted up at ()V&pnorll \hxq e pre®aration. Sample (10%) prepared by
& chg)éolubc and making up to 1 ml with the

weighing 0.1 ml of the w Intc
) N
solubilization solveg1: Wacetgne-ghl 'oi@mixlure). After that, samples were filtered
before being p vials ar nvfcctdq.'Thc running time for each sample was 50
. s N

&u were dclcrminca\)y High Performance Liquid Chromatography

minutes. S¢

(HPLC 2 WATERS series model equipped with evaporating light scattering
detectOhgdg SD) and RP-18e, LiChroCART 250-4.6 column (75mm x S5pm x 4.6mm).

The column maintained at 35°C. The mobile phase, a mixture of acetone/acetonitrile

(65:45, v/v) at a flow rate of 1.0 ml/min. Samples were purified by passing through a
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silica gel column and eluting with acetone. The solvent was evaporated and Sul was
injected into the HPLC. The peaks were identified by comparing the retentioxﬂ% with

the standards and literature values. The values reported as relative pscexaiges for

individual TAG. The analysis was carried out in triplicate. Y.
4.3.4 Interesterification Degree of Acidolysis of Palm Stear %eic Acid

37x

®
l’y _&ﬁhim et

ew%ds an index

th‘i‘ obtained were

is lﬁl;ion, as it promote

Interesterification degree (ID) calculated by following the %®hod rgbog

al. (2007). The change of relative contents of the twg'ou

denoting the reaction evolution. According to I@M
by equivalent carbon number (ECN) group zel this.gi
t D

P
N
()

changes on sole peak of TAG, thus the € o were ased@? area of the sole peak

“« Q
TAG from the HPLC clu‘onlalogramsN aye, ¥hes S%' the lowest changes. For
example, peaks ‘a’ had the maj%gwnt w‘jl-e}al: ‘olb%fas the component that shows

major decrement. Therci‘ore,&dcgreelo o 'estm&a\ion (ID) can be simplified as;

4.4 Results anQussion
4.4.1 @E

1position

The triacylglycerols (TAG) compositions monitored based on HPLC chromatograms

were oleic-oleic-oleic or triolein (OOO), palmitic-oleic-oleic (POO), palmitic-palmitic-
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oleic (PPO) and tripalmitin or palmitic-palmitic-palmitic (PPP). The change in increment

of 000 and POO. and decrement of PPO and PPP was expected after the gcidolysis
reaction. These changes then will promote to lower the melting point ot‘ @:ﬁed

modified palm stearin.

NPS) and purified

shofved an increment

im@em in
'Oi(?’l lipases
T

Figure 15 shows comparisons amount of TAG between palm

modified palm stearin (PMPS). Based on Figure 15, POO and

for PMPS compared to PS sample while PPP and PPO dad

000 and POO and decrement in PPO and PPP g general fide tha’t

'
effectively functions as a catalyst to mcorpora% ole'l1 \fbl\and @mlge the fatty

acids of the TAG in palm stearin during acil@I¥sT reactiom &

Ey

-
/;),

FIGURE

100.00

percentage/ %

B PMPS

TAG

QE 000 POO PPO PPP

*PS p;\rlm stearin. PMPS = l’iu{'iii'li&i/Vﬁi{dﬂiﬁzdnpulm stearin
*00O = triolein, POO = palmitic-oleic-oleic, PPO = palmitic-palmitic-oleic, PPP = tripalmitin
*One-way ANOVA denoted that there was a significance difference among all samples for all four TAG,

p<0.005.
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Lipase enzymes cleave the fatty acid at the glycerol bond at sn-1,3 position according to

their regiospecificity, thus promoting the rearrangement of fatty acids to occ\% allows

the incorporation of oleic acid to the glycerol bond to form new tria i DCCIO]. The

increase in OOO and POO amount of 7.33% and 32.27% 1‘espective g’ MPS sample.
Besides, after modification reaction, the percentage of PPP nom s decreased from
35.14% to 14.78%. The amount of PPO did not have m fer nce (44.63% and
44.14%) for PS and PMPS. This may due cutting doan n as much as

"'\"
PPO TAG. The difference between samples in TA@osmo tmct as a

result of random rearrangement of oleic acid duw ‘ba:\l as @poned by De
Clercq et al. (2012). \%\, Qé

Based on increase and decrease of TAG ¢ Rigure lnhﬁ%ws that there was cleave

—_

7‘
”o

4
&
of fatty acids at the sn-1,3 positign ar mcr n ot 1c acid towards the glycerols
backbone. The PPP mainly %;ed to_RPO IP 01 000, followed by PPO and

p10n d a high increment mainly in OOO.

POO to produce more P d O(p\
<
; 'z ut a ;

This supported by K t) &)ﬁge he study stated that incorporation of
s

AGjexc pt lgéyfn and tricaprylin was high for all TAG with

lipozyme TL I!% zed rea

Nom/vm; However, bt,(,dUbL of the reaction parameters and dual lipase system

oleic acid into mo

ions l@)thel two enzymes tested, lipozyme RM IM and

used acidolysis reaction differ from Karabulut et al. (2009) which used single

lipase W#em with different parameters and substrate, thus the result may different in the

amount and percentage of incorporation.
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Although the acidolysis reaction focused on incorporation oleic acid in position sn-1,3 of

TAG. based on increment of OO0 and POO yet the large increase of OO0 slvhat

acid towards sn-2 position durin%\action.

there was possibility of migration of oleic

Besides. Wang et al. (2012) found out the same pattern in acidolysis o‘%]a oil with
caprylic acid. They discovered that although the lipases used intl%zudy have been
shown to be 1,3 specific lipases, the present of caprylic acid at thwbpositjon in the end

product implied that movement of caprylic acid into the g 0 im@cur during

»

lipase-catalyzed acidolysis (Wang et al., 2012). | G}Y.
A
4 b3

t théStty acid at sn-2

&
vi@a higher content of
N

t@mc acid was plenty and

“ &
%Zcid_m he reaction can create a
N
j 3 1

excess. The molar ratio of palm qN

condition excess of oleic acidy c(‘ysten
Syl f& r
acid, the free palmitic acid S promr acylléﬁgratlon to the sn-2 position.
N o

4.4.2 Interesterifi egreg ofJi s§§

as welll ther with other cleaved fatty

in Acidolysis o\ Stearin d{)lmmcid

enzym¥fstem in acidolysis reaction. This resulted by the highest increment in TAG,

which in this case POO, divide by PPO (the least decrease after the modification). The



comparisons of interesterification degree of PS, PSOA, TL IM, AK and PMPS shown in

Figure 16. .
FIGURE 16: Comparisons of Interesterification degree (ID) ofcen%nple.
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hnd olcre aowg R cifpyadadded, TLIM = single
i,éd modified palm stearin

[
w
(Vo]

2
O
Ya'e

S P A
»$r.»>w«v~/

0.00

¥PS = Palm stcarin, PSOA = Palm steari
acti pu

lipase TLIM reaction, AK = single lipaag
with dual lipase reaction (] i A %
>
Among those samples, sinL’%Ze rea

2 f &
s ng/as in the middle range of the ID

ion,J TL have the highest degree of

interesterification (1.39).

while PS, PSOA and g q in lower ID. From the data obtained,

it shows that pal ixture without the enzyme that undergo

identical condiffpmWfactions hffve {owe because the rate of acidolysis reaction was

N

very low. Nlcl_v. there was a C(kﬁ'adiclion in ID values between single lipase system

sing TL IM and AK. Sample TL IM shows high ID (1.39) while AK have
D (0.26). The PMPS sample have average 1D (0.73) whereby in between the

two sample of single lipase reaction TL IM and lipase AK ID.
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Based on the graph, it shows that TL IM alone effectively functions in acidolysis reaction
of palm stearin and oleic acid. The cleave of glycerol bond and incorporationYMeic
acid into the bond have occurred in high degree within 3 hours of reactior %\pared to
single lipase AK, it happened to react slowly as a biocatalyst within 3 hm$ction. This
pattern shows that TL IM takes a shorter time to be effectively 1‘u@ o cut the fatty
acid at the glycerol bond and promote rearrangement of fatt awmcomorate more

oleic acid. Similarly, Wang et al. (2012) reported that 4 bihze%was more

L
effective than free lipase as they found that degree 0@01'%0 ok p’y‘@-id b
lipozyme TL IM higher rather than lipase AK. Y. \f \3'

As for PMPS sample, with ID 0.73, lhis@e Kdel

following the optimize condition of all pagme rsh s

50% of TL IM and 50% lipase AK & enzyl 2 reﬁwn

ol
(¢)
(0]
e
a
(¢}
-
=
o
w
w
2]
Z.
=
=
=
=
=
=
e
=
=

higher range of interesterificagon dggree, h’wc

alone. This may due to the wu I-ai- \Q

the enzyme activity in acq re
| (,g)
; O
\

( : l ¢
wi for ﬁ) s orglrgure 16 it can be concluded that TL IM was

From the result
A o
effectively fuaglioT®o cleave fatty aciNh glycerol bond and incorporate oleic acid into it

o°J

| r@ reaction time given. But then, the combination of lipase AK and TL IM

s gives drawbacks to the TL IM effectiveness. This research however have a

cven w

With1T I

5:5 ratio between enzyme compared to Ibrahim et al. (2007) which have 7:3 TL IM

towards lipase AK respectively. Thus, the lower ID may also due to low amount of T
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IM ratio to catalyze the reaction and act as carrier to free lipase to enhance the lipase AK

N4

The results contradict to what defines synergistic effect of dual lipase%l; in Ibrahim

activity.

et al. (2007) worked whereby they found that the combination of boWIM and lipase

AK promoted higher ID value and automatically enhance fat meanangement. As

based on the table, in this acidolysis reaction, the ID showe rgy'tic effect between

the two lipases however, the TL IM alone is the most effect: - fhis b/siﬁa;eaction
\

and the combination between the two not aqsmtmg nzyn tivagy tox"h\e reaction,

yet enhance the capability of lipase AK to be more € ecllv 1 sho gwne

V3
o e

Dual lipase system pull back ability of }o Td ngégporate more oleic acid
2. S
lpw. lipase AK to enhance it

&s o
&

tlugse, the dual lipase system may

into TAG bond, however the TL fo

capability as catalyst within that J@nc.
not effectively increase th cster"ﬁ

g

immbobilize TL IM th ability of n nmobllled lipase to perform more. A

I/

at] ;@e within short time yet, the

study from Ibmlnm 79 s yhcdéh’ls finding whereby there was “assisted

immobilization™ i f t‘be im 0 1li llpase towards the co-existed free enzyme.
Besides, the PMRS Tample was ld]\L hm the combinations of all 5 batches of enzyme

\ \
reusabilitywa™on whereby there might be high degree of interesterification in the first

batch ¢ keeps reducing by time as the reuse of enzyme may affect the enzyme

activity. Interesterification degree of all samples including 30 experiment from RSM

samples were shown in Table 11.
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TABLE 11: The interesterification degree (ID) of all samples and its parameters

enzyme enzyme load substrate Reaction time

|
RUN 1D (POO/PPO) ratio* (%) molar ratio*

\li:‘
—

1 1.65 9 % 3
> 1.26 1 10 5 \ 5
3 2.09 5 12 3 iﬁ 7
4 2.39 7 14 5 5
5 1.09 7 10 | Y' 5
6 0.75 9 8 \, 3
7 1.46 7 10 5
8 1.70 7 10 Yv 5
9 2.45 7 10 5o 9
10 2.28 5 12 \d, 3
1 1.83 9 12 ‘é | (_}Y' 7
12 0.78 7 10 5 A7
13 1.24 9 ]T \’ \,T 3
14 1.89 5 8 L, o 7
5 0.94 5 \) 3 7 {\ 7
16 1.64 7 \%} 6‘ 5
17 1.79 7/ 1 \T AS 5
18 1.22 9 CO X 3
19 126 5 e 0; 5% Q") 3 3
20 1.52 NG A'j & s >
21 1.83 Y' , Q\ 7 g
22 2.43 10l 5 5
23 1.82 % \fv-}:'éo g 3
24 1.10 &\ 90 Qb 7 7
25 1.40 & 5 5
26 1.12 C} 5 fl (.)Q 8 7 3
27 1.2 g Ly 8 3 7
28 ( &' ’V) $ 6 5 5
29 A F \,Y' 8 3 3
30 7 7{—) 10 5 5
\.36 0 0 0 3
0.73 5 10 8 3
0.17 0 0 3 3
139 0 10 3 3
AK 0.26 0 10 3 3

*enzyme ratio: denote as ratio of lipase AK. Example, 9 = 9 lipase AK:1 TL IM. Substrate molar ratio:
denote as ratio of oleic acid. Value of palm stearin stick at ratio 1. Example, 3=1 palm stearin:3 oleic acid.
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According to the result in this research, sole lipase AK gives ID of 0.26 within 3 hours
reaction. Ibrahim et.al., (2007) reported that sole lipase AK catalyzed reaction was very
slow, of which, in their findings, the interesterification degree was less than @after
8 hours. As seen in run 2, however, the ID obtained was 1.26 for ratjo\l 1:0”(exceeded
100% of lipase AK, 0% of TL IM) with longer reaction time given whigh supply of

oleic acid as acyl donor, (1:5, for palm stearin to oleic acid respectw.

i

This shown that lipase AK took longer time of reaction toaéfec 'vwis cidolysis

reaction to do the cleave and promotes incorporaty oleic fci o'g ol bond.
| i . s

Longer time reaction given (5 h) also can be seen i N \ 1igl@¢bonion of TL

d the Mnteresterification

o

4
s

IM percentage. This range ofreaction timefa an
0

@do

—_

AK3nd 70% TL IM (ID

A

degree of combination enzyme, which ¢

2.43) compared to PMPS (ID 0.73). ThtaFive#) an i X th@ increasing the reaction
time, it may increase the lipase AK amyTL Vity fkehe acidolysis of palm stearin

and oleic acid. (')Y'\: vj' lé)o S
S

@}les have a substrate molar ratio of 1:3

Besides, PMPS and eact) on,

o

(palm stearin tow cic affi
stearin lO\\'HI‘d.ﬁ%ﬁCid res

contribute Nre incorporation of oleic acid to the glycerol bond resulting on formation

'l':
’
c&&l&). But in run 22, the ratio was 1:5 (palm

ective]*))?'[‘hus, the excess supply of oleic acid also may

of m and POO TAG and reduce lots more PPP and PPO TAG which then
produc®®igher ID for run 22. This is in line with the findings from the study on

acidolysis of sunflower oil with a palmitic-stearic mixture from Carrin and Crapiste
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(2008), as they stated that the incorporation of palmitic and stearic acid into sunflower oil

N4

Reusability enzymes can be monitored as well based on the ID. Table 172 %@ the ID of

increased as the mole ratio increased until reached its maximum level.

5 batch samples from acidolysis reaction by using the reused enzy1 he ID shows a

decreased by batch. The highest ID obtained from the first tlmeNthe enzyme, 0.98,

while lowest ID obtained in the fifth batch of the reactio m the same enzyme

W cn

Z

collected from the previous reaction, 0.28. Thus, the effe g me have

steep changes in 2™ !usage as a catalyst from 0.98 Y This ghds e!th&{ y reusing
J' \‘;Z'
the enzyme, the enzyme activity to leave fatty ac1d es mwg oleic acid into

1 Enl of POO and the

cr al u

the glycerol bond reduced. These also can@om '1
th

higher amount of PPP in 2" batch until 3" batc T &k
) N,

« S
‘&

. xd €'1 me patcl 's%mles ID
3 ] k

TABLE 1

Sample 000 F' lg" ID (POO/PPO)
Sl 6.28 440y 6.04 0.98
s2 4.53&\ éf@s 11.13 0.57
S3 3.6\ 0 STHl 16.27 0.50
S4 2.@,) &756.20 17.23 0.41
S5 | ¥ O 5995 18.87 0.28
*all batch are usingpt ym ¢ ?i 10$’amutus 3h reaction time, 5:5 TL IM ratio to lipase AK,
1:3 substrate mo 1Qi ’t palm stdgfn ﬁ ole d, and 10% enzyme load.
&
Based on ct al. (2010), they found that combination of lipase, Novozyme 435 and

TL, IMNgVEs little loss of enzymatic activity after was continuously used for 20 batch
cycles (about 400h in total). Compared with acidolysis of palm stearin and oleic acid by

the batch reaction, the used of combination lipase still cannot overcome the decrease in
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enzyme activity. This may due to the enzyme used consist of an immobilized enzyme and

the other was the free lipase compared to Huang et al. (2010), whereb OR used

immobilized lipase. These result explained that by using the enzymea{epatedly, it
lowered the enzyme activity. Yv

4.5 Conclusion z '
\J.
| : NS
From both TAG and ID value, 1t shows that all those -ametgrs ‘ )iﬂ role in

o : N
the enzyme activity to cleave the glycerol bond aw W £ Ole‘}_&#acxd i

TAG. Reaction time plays an uppermost inﬂ@an I :ﬁygtem in this
jon

1 lilig
acidolysis reaction. Dual lipase system in this AWdqlygis r
as biocatalyst in acidolysis vel 1t enh lcegc?\apabmty of lipase AK

na$ lower the TL IM
effectiveness ?
[}
activity in the reaction within shorter llole{ﬁal lipase system of TL IM

and lipase AK will give ]1igh% hav}x lofg:d' @ reaction and higher substrate
WO Tepe &‘v"

molar ratio (or high olcicﬁlo). li
hes | &

enzyme activity. The ¢ N .

e
=]
=3
o
)
o
=
N
<
—
o
o
v
o
I
=
=]
o
=
o
=
¢
=
o
o
=
-
o
—
=
o
)
[oN
(=
o)
¢}

the incorporation 0

icHflcid.
. ’ut2 S
in the effectivegSNNgf enzyme@vien regeed it, however, the result maybe different by

prolong the N’reaction and increase\n oleic acid supply.

S
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