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Enzymatic Acidolysis of Palm Stearin and Oleic Acid by Du ipfse System via

Response Surface Methodology (R GY l
Nd.
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3.1 Introduction L 4 \)Y'
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Enzymatic acidolysis has been widely ap ixthl 10(.1@0011 of lipid. The
acidolysis process is defined as an excl & Ji %%p be &en an esters and an acid
u

(Rodrigues and Fcrnandez-Lafuente& ). The ive <'Sfaerties, and regiospecificity

of the lipase enzyme to cut dogn l’az acidsfchai®
. 4 s

increased the chance of lh&esu’ed |l ds t Qy:orporate into the glycerols and to

form a structured lipid. 4Qis uppOMg Xu &.’)8’60) which stated that the production of

@ ',I(.)

specific slx'uclurchG)an ) ?n by{Ls)ng lipases as catalyst in which the lipase
regiospecificity, &xploié I

acidolysiS&gactions catalyzed by lipases, where it can incorporate a desired acyl group
onu@ic position of the triacylglycerol (Palla et al., 2012).

o1 E.trig,lyccrides at sn-1,3 positions

m regiospecifity have been an advantages in




Besides many researches have been done, lot of them contribute on altering the TAG of
fat and oil by acidolyzed it with medium chain fatty acid (Mounika and ewimz;
Hita et al., 2009; Koh et al., 2008; Namal Senanayake and Shahidi, 200 ;%ppan and
Akoh, 2000), polyunsaturated fatty acid (Nagachinta and Akoh, 2 *celéo et al.,
2010; Hamam and Shahidi, 2007; Kojima et al., 2006; P al.,, 2002) and
monounsaturated fatty acid (Esteban et al., 2011; Robles R?Oll; Teceldo et al.,
2010; Hamam and Shahidi, 2007; Sellappan and Akoh, 208§ Balc OW%). In fact,
B By
there are some modification of fat done as an alternativ hydrogenagor] p-\ﬁ?tlcts such
as acidolysis of sunflower oil with a palmitwric {dj;\?:vhere high
incorporation of saturated fatty acid was ilgwted lﬁ oltdin s@zzed lipid (SL)
arrin -apiste, 2008). \
(Carrin and Crapiste, 2008) \ -\O

e

Thus, modification of fats using moNnatura

to produce structured lipid. eeic z‘id is Ine thg Wdnounsaturated fatty acids. The

-9
Iy

s s

N the glidolysis can produce more amount of

blending of the oleic acid aag palm ]1

oleic acid in the tria %‘:rol
o i
modification of pa@ n i

nfthisy s
(000), palmit:' wo]cic’(w& an@lmitic-pa]mitic-oleic (PPO) and reduced the

‘n s@%m compared to the native one. The
(Fy@promoled an increment of oleic-oleic-oleic

&
palmitic-palggtic-Palmitic (PPP) lri@}ccrides in the structured lipid.

Acidygsdd reaction of palm stearin and oleic acid have been optimised using Response
Surface Methodology (RSM) by design expert, stat ease, ver 7.0 (DOE) via Central

Composite Rotatable Design (CCRD). This RSM technique can explain the influence of



the reaction parameters towards the responses as well as generate the optimum condition

of the reaction according to favarouble amount of response (whether it is hYR‘ be

maximum of yield convertion or minimum value of responses). %\

Optimization process via RSM have been widely used in many aw;ns and field of
study such as synthesis cocoa butter equivalent (Kadivar et a 2:R4), synthesis of trans-

free structured margarine fats analog (Pande and Akoh, 2 , trar GWlion of lard
8
jugad lisjolpic aﬁv (Li et
A
cqu et Ly 2008) and
T iy \g
acidolysis of structured phospholipid (Peng et tw : 1

Yo
& L ct“) 01 186%4, factors; enzyme ratio,

“« Q
reac ime,fﬁdl these parameters were

optimized in order to achicvee of)gmm rlcti qo@ns as the maximum amount of
of O

s s &
fatty acid composition (FAGQ ot ¢ 'L, N\ 001'2@ ion with minimum free fatty acid

percentage (FFA) can b %cd.‘ | 0
) A
e &
? <
3.2 Materials % F 4 X
~\ &
~N

=

1 was purchased from Novozymes, Germany. Lipase AK Amano 20 were

fo biodiesel production (Huang et al., 2010), synthesis J§

al., 2010), synthesis of medium- and long-chain

-

The formation of structured lipid in

enzyme load, substrate molar rationgl

Lipoz g

purch? from Sigma-aldrich, Japan. Palm Stearin was obtained from Sime Darby
Jomalina, Malaysia. Oleic acid, n-hexane of GC grade, chloroform of LC grade,

acetonitrile, acetone, and sodium methoxide were purchased from Merck, Germany.



3.3 Methods

3.3.1 Acidolysis of Palm Stearin and Oleic Acid :%
Acidolysis reaction was performed in a shaker water bath atw:pm speed and

temperature of 60°C according to Kadivar et al., 2014, Nag 'ntzand'Akoh, 2012 and

Kamar et al., 2011. The total amount of palm stearin an Sicia idk{idlipase load,

4
s Gl e | Ng
lipase ratio and reaction time were set according to theQv¥ues ggner d'b@esponse

Surface Methodology (RSM) software-Design of?ﬂ“{ %( 1owns31. Table 5.

m@esem) and the

Anhydrous sodium sulphate was added to 1'@% e w?i\er

reaction were stopped by filtering out the lip u%

P | o

50°C. All blends were made in triplicate: Qe prggluct o amed’%"as then analyzed for its
‘&

responses, fatty acid content (FAC) Ner‘e 1‘1'e$atty acid (FFA). The result

obtained were fitted in the se% er pofynohidl tion as shown below (gained

from the model) to 1)1‘cdicthﬁp01®and ared with the actual one.
; &

\- LIRS l.cy S S ) X

pi Whatman No.l at

(@]

i=l

\

=1
& My "%
: quation @2 pa@q omial order equation

ol

3.3.?6‘1111011&11 Design via Response Surface Methodology (RSM)

Acidolysis reaction was done within the range given by the design from the response

=1+

surface methodology (RSM). This multivariate data analysis generated 30 sets of the



experiment to be run based on the five-level factorial experiment, four-factor, central

composite rotatable design (CCRD) according to the range of parameters th&?e heen

set up. Table 5 shows the corresponding factors to be determined in the lﬂ%and their

range. Y'

Parameters Name

TABLE 5: The parameter ranges of four factors
Low Actual
A Enzyme Ratio \&7 3 9 1

B Enzyme Load 0
C Substrate Molar Ratio 3\1 5 17
D Reaction Time ’ 5,7

Response 1 Free Fatty Acid

=
/
% ﬂ

Response 2 Fatty Acid Composition (olgg

~,

nzyme 10,)5- @as for lipase AK where

0 -

In this table, noted that value for the ran

5:5 indicating 5 ratio lipase AK to Sgdtg of T 1f' ndicates 9 ratios of lipase

AK to 1 ratio of TL IM and it Lomw,.to o'lu lties %c\ substrate molar ratio implies
(

the same concept as well whe 3 aﬂ. as for oleic acid while the palm

stearin remains 1 ratio to&}ucs r amp@g indicates 1 ratio of palm stearin to
\ @ 0

3 ratios of oleic acid Bt -

1
F 1 fﬁ) palm stearin and 7 for oleic acid ratio.
¢
we ‘&4 and 1:6.
\a

These wntmm t
R

After y the range of factors for corresponding reactions, the software has

; Owher s@t

atcd pout 30 sets of experiments to be run accordingly. These 30 run of experiment
were conducted each in triplicate and the products were collected prior to analysis for the

response. Table 6 shows the sets of the experiment for this acidolysis reaction.



TABLE 6: The series of experiments generated by RSM.

Enzyme Enzyme Sub.Mol. me
Run Ratio Load (%) Ratio
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3.3.3, OpMization and verification of modified palm stearin using RSM

The effect of various important operating parameters on the synthesis of acidolysis of

palm stearin and oleic acid was studied via Central Composite Rotatable Design (CCRD)



of RSM by using the optimization function in the software. The experimental design

considered 4 factors which include reaction time, substrate molar ratio, enzym 10 and

Q)

enzyme load.

3.3.4 Free Fatty Acid (FFA) Percentage V:

The free fatty acid percentage was determined by usit

MPOB test method, MPOB p2.5 (Kuntom et al., 20@

and dissolved in 6.25 ml of isopropanol. The sampv

1Waccording to
L d

9
W, \veighted
10

he @p]e was titrated

with sodium hydroxide (0.2N) until permanel\ght ink ur.z{@arcd. Free fatty acid
was calculated as percentage of oleic %1&)1‘(“1&'}

a
FFA percentage (aY& a
Where, V 2 \’olumc&\j&Ol' S
N 2 Norm"w a
\\Y S | igl : s (‘:)
/ 15Y; ¢ weig
NLVAES
:won 2 PP

formula;

7

V=

ci

=

gev free fatty acids of oleic acid

The fatty acid profile analysis was performed by using gas chromatography (GC). Fatty

acid methyl esters (FAMEs) of the samples were prepared according to MPOB Test



Method. MPOB p3.4 (Kuntom et al., 2004). Sample (0.05 g) was dissolved in 0.95 ml
hexane and 0.05 ml sodium methoxide (30%). The reaction mixtur (Ra.lj ml
microcentrifuge tube) then was shaken for 60 sec by vortex mixer an %f for 60 sec
before the sample was added with anhydrous sodium sulphate to v e the water that
may present in the sample. The sample then once again wawvxifor 60 sec, then
continued by centrifugation using microcentrifuge at the $3'OOO rpm for 1 min.
The sample was then filtered and put into vials prior to“aMeysis. \d
| S

Sysweh. The detector

P8 00 m, 0.25 mm ID,

re gQO psi were used as the

(@]
(=9
=

carrier gas. The detector temperaturé 's}aw inedpht 280:;(3. The split ratio was 1:50
‘all)@ld methyl ester standard. The peak

“« Q
from integration of peaks \% 1paredfwi

n. Cﬁ%natograms and data obtained
N
areas percentage of FAMSRyvas Ob‘li areayefcentages by direct normalization. The

analysis was perform

3.4 Results wcusm
3,46 el Fitting and ANOVA

This reaction comprises of two types of analysis as the responses; fatty acid composition,

and percentage of free fatty acid. Fatty acid compositions (FAC) analysis in this



experiment focused on the high amount of oleic acid that may present in the product after
the reaction. In contrast, free fatty acid percentage (FFA) was aimed in loxx@m n
this experiment. Free fatty acid percentage indicates the remaining unbo 1%y acids in
the final product. The minimum FFA was expected to be in the final % as this FFA
if presents in the oil, it can enhance the oxidation process of the p1‘$.

\N

Free fatty acids and unsaturated fatty acids were more i to re chygen under

o
the presence of heat, resulting in the formation of@roxid s which @equently

break down to form undesirable secondary comwds s%
ketones (Koh et al., 2009). Hydroperoxides tw uns

compound which then can promote the sec&% ox{dati g
. du

%d and contribute to some

“« Q
N inuﬁ'x‘{ant to keep the FFA as low
\

of tife ﬁ@oduct.
&

it obtained. This resulted from the variation of
0
he analysis from™SM promotes a design of quadratic model as the

pill"leIClCI'S uc.

odel for both responses as seen in Table 8. It showed the model fitting and

ghalysis of FAC and FFA. From Table 8, it was found that the model F-value

was 10.50 and 41.76 for FAC and FFA respectively.



TABLE 7: FAC and FFA obtained for RSM

Enzyme  Enzyme Sub.Mol. Time FAC (%) (%)
Run Ratio Load (%) Ratio (h)  Actual Predicted A}% Predicted
I 9 12 3 7 4829  47.55 66 57.41
9 1 10 5 Sl S 1 ) T 67.69
3 5 12 3 7 5582  54.99 91 60.01
4 7 14 5 5 5590 3 70.17
5 7 10 1 5 4294 42.09
6 9 8 7 3 3839 74.78
7 g 10 9 5 50.61 76.75
8 7 10 5 5 5004 69.23
9 7 10 5 9 69.38
10 5 12 7 3 75.31
1 9 12 7 7 74.88
12 7 10 5 1 68.01
13 9 12 7 3 74.28
14 5 8 3 7@?@& 57.97
15 5 12 7 \ . . Hle?)
16 7 10 5 (_5 %T % _ 69.24
17 7 10 5 : 68.73 69.23
8 9 12 3 ‘es ® s @1 58.66 57.65
19 5 8 3N 55 &A¥6.03 5708  57.20
20 7 F 5 68.58 69.23
21 5 74.45 76.01
22 3 68.88 69.91
23 5 59.33 58.85
24 9 : 75.80 74.98
25 7 \ H | ;)O 50.09 4959  71.82 69.23
26 5 g’) l 4 @) 4581 4488 7445 7440
27 9 Q’ 3 Q\V 4358 4375  57.08 56.78
28 7 <Q ¥ x5 4074 4269 69.03 68.63
29 9 A 8 SRS 50100 igissi 85708 57.42
30 7A\ 10 5. SR 455884059 67.91 69.23
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(5]
(9}

There was only 0.01% chances that the model could occur due to noise which implies the
quadratic model was suggested significant for both responses based on Table 8. There
was 53% and 79% chances that a lack of fit for FAC and FFA respectively,&g occur

due to noise. Not significant lack of fit is good because we want the moda 101 fit. The

hieh value of R, 0.91 and 0.98, for FAC and FFA respectivelvas that the
quadratic model describe a relationship and high correlation betwee parameters and
the response. '

.

N
. (bl_\‘acept for

onse@ong those 4
~

fect, p<0.0001,

1ca

factors determined, only the substrate molar%waw ¢

towards the production of FFA as the fi 'Mu* \% 'l&loqg O heanterachons
0/

R By a0 ~AQ = N i ¢ C 5 =3 S,
between factors for both responses w undyto he “151: ant at 99% confidence

interval. The final equation dCl'i\’i‘mﬂ 1'1 n @15 of coded factors for this
] 5 ~

0. 1@.2 1CD —0.11A2 + 0.04B> - 2.45C* - 0.14D ...Equation 4
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Whereby A was the enzyme ratio, B was the enzyme load, C was the substrate molar ratio

3.4.2 Effect of parameters on FAC 1%

and D indicates the time of the reaction.

Figure 3 shows that the increase of enzyme load with the lowest ow:e ratio gives the

highest value of FAC or oleic acid. This was in agreement @§th iamal Senanayake and

Shahidi (2002) whereby stated that the amount of incorp on ofyc 1d increased

when increased up to 10% enzyme load. While an inct in engymg Jogf @enzyme

ratio can drop down the FAC value of oleic acid. dics% he d‘¥~ges in ratio
of lipase AK towards TLIM do not give mucget q AC &r than enzyme

load however, high ratio of AK in high enz

low* 1}:{{@ to lower the FAC

value. E o
L Q-
1 zym.g%ad towards FAC
. N

&

Al

R Fnzvmea | nad

A: Enzyme Ratio



B

The same pattern result on Figure 3 shown in Figure 4 and Figure 5. The high amount of
substrate molar ratio and longer reaction time with low enzyme ratio of AK towards

TLIM give the highest value of FAC. The increase in enzyme ratio togethelg ng the

reaction time and added more substrate dropped down the oleic acid v the final
product. This, resulted the same interactions as Figure 3 whereby incregge in €nzyme ratio

may lower the FAC amount, however, increase in other 3 factors4ggn g8e the oleic acid

in the final product. q '

FIGURE 4: Effects of enzyme ratio with substrat ar rat

500 —

500 —

400 —

' Siihstrata Molar Ratin

A: Enzyme Ratio

Thes tE in changes of enzyme ratio shows that ratio of AK towards TL IM do give

vards FAC value when combining with other parameters. The result also shows

effects

that high enzyme ratio will contribute to lower the FAC value. Thus, the amount of AK



towards TL IM may have to be in moderate or low so that it will not drop down the FAC

value in the final product. Thus, among ratio that have been studied ranging from 5:5, 7:3

and 9:1 (AK to TL IM) a ratio of 5:5 was the best as seen in Figure 3, 4 ac hereby it

can give the highest value of FAC whenever interact with 3 other factA

Yv

FIGURE 5: Effects of enzyme ratio with reaction tirge toWirds FAC

a
E
}—
c
c
T
«
a
@
c
; ’
& V)’ '3
These results ntradictory wnh&&)ahlm et al. (2007) who found that the best ratio to

get higl%ee of reaction was 7:3, AK to TL IM in the interesterification of palm

stcagg angcoconut oil. These result contradict to each other may due to the different
reaction done where Ibrahim et al. (2007) done an esterification between palm stearin and

coconut o1l while in this research was the acidolysis of palm stearin and oleic acid. Higher



(5]
O

amount of AK than TL IM may needs in the esterification done by Ibrahim et al. (2007)
for cutting down triacylglycerols at the sn-1,3 position in the palm stearin and cogonut oil
so that more occurence on rearrangement of fatty acids will happen v N this

acidolysis, the TL IM will majorly act as carrier to the lipase AK and 61\% 1e lipase

AK activity. Y'

t th' presence of an

The mode of interaction of dual lipase system implies the 1

L 4
wnﬁ'AG in palm

acé(‘an'ier to the free

stearin and more TL IM needed to enhance 1@1)/ of
@«m: enough to get a

lipase. The balanced ratio between boll(li!fascs W \Qpr

maximum amount of FAC of oleic asg 1n ﬂlgh

ratio and in short or longer limY}ion

enhances the incorporation of eickacid tople ¢ ckazg)u with the existing fatty acid in

the palm stearin, under aw ve jondl on in@ing an adequate supply of the total

\
enzyme load, the stll)st‘;i\ﬁr\\' :!% uhe (él’tion. This support the result from Table
8. whereby show %m*n rafio gz@igniﬁcam effect towards the FAC value,
NS oo
p<0.0001. A (>4
N

\

Yween enzyme load with substrate molar ratio and the reaction time shown

gon between both enzymes

—_

>~

A,

in Fieure 6 and 7. The graph explains that the higher the enzyme load (12%) together

with higher substrate molar ratio (1:7, of palm stearin to oleic acid) and reaction time (7
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h) resulted in a higher amount of FAC (above 50% amount of oleic acid may present).
This shows that when all parameters were at the maximum value and sup I)Weater

chance of the exchange and incorporation of oleic acid to the palm it occurred,

%3

FIGURE 6: Effects of enzyme load with substrate mafiar 1210 towards FAC

which then produced more FAC of oleic acid.

£
I3
14
~
X
c
2
3
3
-
v
E
¢
C

parameters, the total amount of enzyme load plays a crucial role in the reaction. This

support by Kadivar et al. (2014) which stated that addition in lipase above 10 wt% does
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not increase the amount of stearic-oleic-stearic TAG significantly but might enhance the
reaction rate, resulting faster equilibrium. Thus, shorter time needed to ¢ Rte the

reaction under an exact amount of oleic acid supply. : L ,

Based on this research result, the cut down of sn-1,3 position at th in palm stearin

were enzyme dependent. A high total enzyme with low oleic @id gppl in the reaction,

gave an advantage to the cutting down of the TAG in alm te that more
replacement of fatty acid can occur. Thus, it shows the nt of ghe el fi rs that
have been discussed above still produces FAC of ole up m han ’*83’;0

N Raaction Time

11.00 1200

800 9.00 10.00

B: Enzyme Load



Figure 8 shows that a longer reaction time with a high ratio of oleic acid gives the highest

amount of FAC for oleic acid (>50%). Between these 2 factors, however, the time given

for the reaction was significant towards producing a high yield of FAC (>49@he
supply of oleic acid were limited. During the acidolysis, enzymes were ad %catalyze
the reaction by cutting down the fatty acid chain at a specific sn-1,3 poggap. The longer

the reaction time given, the longer the process took placed and the mMaggbchance for oleic

acid to exchange. z '
\dc Y.

t@n timg to, dl@
g
.\,Y'

v

FIGURE 8: Effect of substrate molar ratio wi
FAC

7

7.00

6.00

500

N Reaction Time

400

5.00

&

\bSubstrate Molar Ratio

A hu 1% -ence can be seen whereby the FAC amount was produced less (45-47%),

-eaction time was only 3 hours and a high ratio of oleic acid (1:7) supplied.

when

This contradicts with Wang et al. (2012) in lipase-catalyzed acidolysis of canola oil with



caprylic acid where, the incorporation of caprylic acid was increased by increasing the

substrate molar ratio. They found at a 4:1 molar, incorporated caprylic acid was 45.31%.

Thus. for substrate molar ratio, the ratio between palm stearin to oleic S(%\J was

sufficient for the reaction to produce an optimum amount of FAC. Tge excess of free
acid as acyl donor may effect other parameters. Kim et al. (20 spfte that a high
concentration of free acid as acyl donor results in decreas eEyme activity in the

acidolysis reaction. Thus, based on the previous paragr mong\reggParameters

®
high enzyme load gives the best positive effect towawucing higl FI\@Y)wed
by reaction time and enzyme ratio. On the other hanw su% ar @\Vas best
to be fixed at 1:3 ratio. CV

3.4.3 Effect of parameters on FFA E
From the Figure 9, 10 and 11 i‘sllo\\zmal thgre

3 factors, enzyme ratio, enzygg load i \fba& on t'lé}(\rere oleic acid supply dependant.

This happened due to il&ds
resulted on incrcasi@a‘ \
N3 w

maximum or 1 3
molar ratiq \mgniﬁcant. p<0.00m, in the model for the interactions between the

Y,

2

7y
O,Azq

s thg'sgme pattern for all 3 graphs. All

\@4 ratio or oleic acid ratio to be exact,

paramdygrsaggd the response. As for reaction time, wether it was 3 hours or 7 hours

reactic .re is not much differences towards the response. The increase in the substrate

molar ratio will increase the FFA no matter how long the reaction time is given. These in
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lined with Kadivar et al. (2014), where they stated that higher substrate ratio are not
desirable from an economic point of view because they may need an ex@extra
separation step. This follows Ciftgi et al. (2009) whereby stated tftx er levels
substrate mole ratios caused a high level of oil loss during puriﬁcationY.

Y
This result suggests that a longer reaction time on the acidolygi men palm stearin and
oleic acid does not increase any undesirable side produ e1c rWrter reaction

oy
time is sufficient for the acidolysis to complete. In ano word, fpro gt@ne does

erim& and more

energy can be saved. V °\ 4\
ST

FIGURE 9: Effects of substrate hat@%& é
q

not necessary. Thus, less time is required to per e %

5)’1 tio towards FFA

7.00 T—

* Suhstrate Molar Ratin

500 6.00 7.00 800 900

A: Enzyme Ratio
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FIGURE 10: Effects of substrate molar ratio with enzyme load towards FFA

FFA Y'

Y-

(> Suhstrate Malar Ratin

N Reaction Tima

C: Substrate Molar Ratio
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Meanwhile, for the enzyme ratio, Figure 9 and enzyme load, Figure 10 both show the
similar pattern with the reaction time, Figure 11. The increase of FFA was affev the
increase of oleic acid supplied either with higher or low enzyme load to th%\on. FFA
production, however, influenced by the increase or change in the enzy&lio of lipase
AK to Lypozyme TL IM. This happened possibly due to the gnzyn¥ activity in the
reaction were decreased when congested with a bulk of oleic ache blends, as stated

by Kim et al. (2002). These group of researchers also add t the h@entration of

. . . . . '
free acid as acyl donor resulted in a decrease in enz@mly. her oie, @)QYI.:FA as
the end product were not only resulted from the excgang® and gealr en@'ofthe fatty
acids, but also contributed from the excess oleicaagid jMat m‘na} to @Bound.
he R t) Ggﬂ'esults obtained in this

]

']
strate™mgla rati&&he only parameter which
bl

As reported in other previous respons

experiment are also showing that tlagS

twegn a parameters in producing high

was not significant towards theginte\gCtions
J I
FAC in the oleic enriched pglm steffriz ‘E},ﬁ C {@atio signifies how much oleic acid
was supplied to be exch'@witl ent @/ acid in the TAG chain. Thus, higher
e e |
dice ¢ Oleic acid being supplied through out the

number in the oleic '1%3110 ‘ S
reactions may r&in‘f boq@oleic acid. Oleic acid or in this case, the

substrate moj¢ ho of oleic acid sl be in an exact amount to be exchanged with the

=]

(e

existing id in the palm stearin TAG to reduce the formation of FFA.

On the other hand, the other parameters reaction time, enzyme load and enzyme ratio

when interact to each other with constant (either one of the 3 factors) or with constant
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substrate molar ratio resulted in a little difference in the percentage of FFA. As illustrated
in Figure 12 and 13, the increase in the reaction time had increased a sm IIWH of

FFA percentage. However, the increment was still within a narrow diffese%ange (67-

70%). &
A similar pattern of the result was also obtained in the en!;n&oad and enzyme ratio

interaction in Figure 14. The higher load of the enzyme ncrea e‘ﬁe\Fﬁ percentage
o
while the ratio of AK to TL IM should be retained in a b ed arnjount F‘nﬁspeciﬁc
experiment, ratio 5:5 is enough to reduce the FF nt,‘}{\' > 9 suxl.g evidence
that the ratio does not significant in the form N‘ mm’q FEA. Allﬁ)hs in Figure 6
explains the ANOVA and supports only sBggiTate mola@latio Q\Ies effects on the

A

formation of high FFA percentage. , o A $

']
NS
FIGURE 12: EffecgPof rgction tne \F“l @e load towards FFA
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3.4.4 Optimization and Verification

Optimization process was done by setting the optimum value for each %)\nding
lu?

factor in the reaction as seen in Table 9, with goals to have a maximum valuc¥of FAC or

oleic acid being incorporated in the modified palm stearin besides h% lower amount

. CWY@ justified based
riousl%s the FAC
g

|8

of FFA that resulted from the reaction itself. All goals in each

on the ANOVA and regression analysis that have been do

and FFA percentage and also based on the economic pers

? o
TABLE 9: Determining the value of each con‘espondlz ¢ \fbr.optin (Rrion and
verification. ;é

Name Goal

o

10€;

mount lipase AK to
poz TL IM gives higher

9
\e duce the cost, where by
lipge® AK cost more than
T , ?zyme TL IM.

Enzyme Load  Target = §0.00 j ‘\" 2 '-&High enzyme load can promote
high FAC yet still want to

\ § reduce the cost.
C " |
Substrate JangaN g ?’ (j? Reduce the FFA %
Molar Ratio %
<Q s
Reaction Tingg \ minimize SV 7 Short time is sufficient
e\ S

FAC maximize 38.39 57.69

Ay

FF minimize 39.59 78.96

Looking at the economic point of view, in the industry, the enzymatic interesterification

should be done in a shorter time (less reaction time) in order to reduce the electricity



N
(=)

supply and usage as well as man power. In addition, the less reaction time taken can also
reduce the production cost. Even though lipase AK is a little bit more expens an

Lypozyme TL IM, it has a significant role for the reaction where it providei %\ result

for the combination.

)

The optimization condition was done in a series of experi en!?o!’ verification. The

actual factors value generated by the optimization functi SM dhowngh Table 10.
~ . . ~ ‘
From this table, the predicted and the actual result of 'b@%\ ave a

range of difference. The actual value from the expeg s C@Eared with
the predicted from the model for both resp @]e outliers or
possible errors that occurred during the 30N nt @01‘8. However, the

3
&umounl AC pared to predicted were in acceptable range as

&’

" determine the adunt of oleic acid present in the TAG or amount of
cic acid have been incorporated. It should not exceed 50% of the total fatty

a high valu

how 1

acid ¢ sition of the whole product as we want to retain the structure of modified palm

stearin to be in solid state, yet not as hard as the refined, bleached and deodorized (RBD)

palm stearin before blend.



TABLE 10: The predicted and actual value from both responses under optimum

condition.

enz. enz. sub.mol reaction Y i
R Ratio load ratio time ) e
(%) (h) Actual  Predicted Actual ¢ icted
1 510 3 3 4488 4926 53.010m57.98
2 5 10 3.04 3 45.65 4928 5l 58.22
3 5 10 32l 3 44.79 49.32 53.01 58.72
4 5 10 3 30l 4476 49.52 M 58.06
5 5 10 3 332 4586  49.65 Y!() 58.10
Std. ; = = - 0.53 0.17 .94' 2
Dev

3.5 Conclusion
As for this objective, the optimization was §@ll

are, enzyme ratio, enzyme load, subslral‘%l ratio_IRd™ a

molar ratio was found to have a slu\ low tl%%elcemaog of FFA thus

making up the selection goes 1 fi qu subgtratc§mbla ‘@10 for optimization. Shorter
I
time reaction given was um&l( omyu\ ,L{b 1 to achieve a maximum value

A@ compared to enzyme load, the

don

<

16i\1mu The substrate

effe

range of FAC and minn n 1luu oe

higher enzyme load tg D nds lllL highd' F(\j@valm obtained, thus resulting in a fixed

amount, 10%. i‘ox‘% n mﬂvbe]m/d 1 process. Meanwhile, for the enzyme ratio,

lipases, lipase /\l\“md Lypozyme TL IM showed a balanced amount

cooperation bl

from batl in the higher value of FAC. Therefore, the optimum condition for

acidom™ palm stearin and oleic acid was 5:5 lipase AK to Lypozyme TL IM, 10%

enzyme load, 1:3 of palm stearin to oleic acid molar ratio, and 3 hours time reaction were
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