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CHAPTER IV

X

OPTIMIZATION OF REACTION SYNTHESIS VIA CONVENTIS@ AND
STATISTICAL APPROACHES USING DUAL LIPASES S M IN

FERULATE ESTERS SYNTHESIS

Y,
4.1  Introduction é \;(:{;8'
o' \'Y'

Yv
Optimization can be simply defined as @Le n%‘)st jth th&?ast (Gomez et

. 2006). Today, there has been an increase tewl\m i ocesQ) obtain maximum
a

production yield with low-cost product ate‘p, r /&1 period and minimum

raw materials requirement. In enzyxw W 4tion can be achieved by
understanding the interplay amfng 1z1ea0111'\ p
J'
’

ali
.‘
N%t'mlz
?ﬂ; Mat Radzi et al., 2011). As such, this

invo@s varying one parameter at a time and
2ot (Safis 9
fails &p@f interactions amongst these parameters in

The conventional meth

keeping the other ¢

conventional teﬁm

wmblnauol 1d ring the mduslnal demand of optimization process, understanding
the int eifec,ls of each parameter in coherence are essential for achieving

maximuntproduct yields.
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A statistical based technique commonly used for this purpose is response surface
methodology (RSM). While most researches focused on the syntheses methodology of

ferulate esters, few attempts have been made to investigate the relatioxiﬁm etween

parameters in the maximization of product yields by using RSM re¥ealed high
potential to be employed (Ciftci & Saldana, 2012: Yang et al., 2012; SYeTal., 2013; Sun
etal., 2014). Y\'/

Numerous factors may affect the response of the systegn stuMed, and\g ﬂe%aly to

| &
select those parameters with major effects. According ang a?d o- 01'ke§1-\(2012), the
? v
yield of lipase-catalyzed reactions is signiﬁcant% nd%r‘l \16 O@Tng conditions

such as reaction temperature, substrates mol\%and reats timé‘

\ _k
N
o S
The target of this work was therefor axil

optimal reaction conditions. Both?!ﬁes c'\ i of reaction synthesis using
L O

conventional method and statistical) appg ot &plored. The investigated reaction

O

conditions include reacti&l - @osa@%‘mass ratio substrates and reaction

=}
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4.2 Materials and Methods

4.2.1 Materials c\z

Substrates (ethyl ferulate and olive oil) were obtained from Egma-Aldn’ch (St.

Louis, USA), solvents and chemicals (toluene, ethanol, acetone tassium hydroxide)
were purchased from Merck, Germany. Commercigl KpWes Wvozym 435

.%uis, USA).

N
All chemicals were commercially available @;%\ grac%mess otherwise
specified. \, &

4.2.2 Conventional Analysis Usil\ Fa A A-'@Approach
Y. , >
la

The synthesis px‘oce%
with some modification 2 eff;
S
Jer@ ed using ratio of 1: 9 Novozym 435-

B
All transesterificatiQ 1%&01 %
% =
Lipozyme RM lw optéh yell ILQ_ es system and under shaking condition of 200

- S’
rpm unless s herwise. N
a. @t of Reaction Time

The transesterification was performed by using ethyl ferulate and olive oil (1: 4,

—

(immobilized lipase B from Candida antarctica) andsiﬁoz nef RM ﬁ]{mbilized
)

lipase from Rhizomucor miehei) were purchased fron 'gma—f\l rich (S

@)

OQQ ouﬁ. scribed by Compton et al. (2000)

&

b
arioa&parameters were separately evaluated.

g/g ratio), and100 mg of lipase dosage in 5 mL of toluene. They were placed in a 25 mL
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of screw-capped vial and incubated at 60 “C using a controlled water-bath shaker. The

mixture was continuously reacted at various time intervals (4, 8, 12, 16 and 2Q.rs).

The transesterification was performed by using different aMgu ;s of lipase dosage

iil: 4' g/g ratio) in 5 mL
/ial nWated at 60 “C
]

Y'

b. Effect of Lipase Dosage

(60, 70, 80, 90, 100 and 120 mg), and ethyl ferulate and oli

of toluene. They were placed in a 25 mL of screw-capp

N
using a controlled water-bath shaker. The mixture w, inuougly c'edﬁ& 12 hrs of
’ X
reaction time. Y' \ N
NV &
<, Q &
c. Effect of Mass Ratio Substrates A

o

R Ay
The transesterification was K ne gt diffegent mass ratios of substrates
. g Fie N . .
(ethyl ferulate/ olive oil; 1: 2,t: m and 1: @ng of lipase dosage in 5 mL of
a2 $

toluene. They were placed K mn o{& -ca@d vial and incubated at 60 “C using

a controlled water-batl &;r. 0 ture&s continuously reacted for 12 hrs of
SN

reaction time.

& v
WV

d. Eft‘e&action Temperﬁ'&r}e

& ansesterification was performed by using ethyl ferulate and olive oil (1: 4,

g/g ratio), and 80 mg of lipase dosage in 5 mL of toluene. They were placed in a 25 mL of

screw-capped vial and incubated at different reaction temperatures (40, 50, 60, 70 and 80
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C) using a controlled water-bath shaker. The mixture was continuously reacted for 12

hrs of reaction time.

¥
4

4.2.3 Statistical Analysis by Response Surface Methodology (RS

Further optimization of the experimental conditions 0@[6 esters synthesis

was achieved by using computer software Design Exp n ¢ 4.6 (StatEase Inc.,

Statistics Made ease, Minneapolis, MN, USA). A four-fgtor- W;?eitra mposite
A

design (CCD) was employed, requiring 28 experimen®yinclughin factw‘ral points, 6
N

|

re presented in

lev
. 4.2 represents the
design matrix of the actual experiment do oésxg the model. Triplicate
o A QG-’
experiments were set up for each m& all Nsrfc&@d in random order.

(QY', i3

axial points and 6 center points. The factors wzir

Table 4.1, which were selected based on th nantiona

Three main analytical stepQ I b& anc" NOVA), regression analysis and
plotting of response sugfic®yere d |t~§g the software Design Expert Version
’ ! (?
7.1.6 to establish an mPm cdndjti 51@ ransesterification.
Q N
& v >
Vv
S

N
3



60

TABLE 4.1: Summary of Experimental Design of RSM

Study type Response Surface Runs 28

Initial design  Central Composite Blocks @ck
Design model  Quadratic %
LA

Factor Name Units Type
acta actual
Reaction time hrs Numeric 12

A

B Lipase dosage mg

C Mass ratio substrates g/g

D Temperature °C

TABLE 4.2:
Std  A: Time s

(hrs) (°C)
1 4 (-1) 50 (-1)
2 12 (1) 50 (-1)
3 g=1 50 (-1)
4 12 (1) 50 (-1)
5 4 (-1) % 50 (-1)
6 12(1) % 50 (-1
7 4 (_A 50 (-1)
8 1 X 50 (-1)
9 % 70 (1)
1(0(1) 70 (1)
11 4(-1) 70 (1)
12 12 (1) 70 (1)
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13 4(-1) 60 (-1) 1.6 (1) 70 (1)
4 12(1) 60 (-1) 1:6 (1) 70 (1)
15 4(-1) 90 (1) 1:6 (1) 70 (1)
6 12(1) 90 (1) 1:6 (1) 0
17 16(2) 75 (0) 1:4 (0) Cg) 0)
18 8(0) 45 (-2) 1:4(0) AGO (0)
19 8(0) 105 (2) 1:4 (0) 60 (0)
20 8(0) 75 (0) 1:82) N 00
21 8(0) 75 (0) 1:4 (0) Y' 40 (-2)
2 8(0) 75 (0)

23 8 (0) 75 (0)

24 8(0) 75 (0)

25 8(0) 75 (0)

26 8 (0) 75 (0)

27 8(0) 75 (0) \c') :

28 8 (0) 75 (0) g

4.2.4 Percentage Conversion of Eer e 1
) o’bj

After completion 0&&355@ :
of ethanol:acetone (1: lcwnd thg 1 s'slw%g

of ferulate esters W%sure by gtitphti (&/ith 0.3 M KOH in an automatic tittrator
' 4

(Metrohm, Switz % All the sam%c;é were assayed in triplicate and the experiment
A A\

was repeateddg M. The percentage conversion of ferulate esters was calculated based on

the E@.l.

Itered. The percentage conversion (%)

s



Conversion of ferulate esters (%) =

Volume of KOH (without lipases) — Volume of KOH (with lipases) x IO(Y~

N

Volume of KOH (without lipases)

>
\T“\\: &

.&u;tion 4,

62

1
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4.3 Results and Discussion
4.3.1 Study on Individual Effects of Reaction Parameters
4.3.1.1 Effect of Reaction Time

The effect of varying reaction time (4, 8, 12, 16 an zs) (rl the synthesis of
1S

ferulate esters catalyzed by Novozym 435-Lipozyme s depic Y F.i%gre 4.1.
Ry . | &
The reaction time profile is important to determi e shortgst @me mkessary for

4 VY'

obtaining good yields and so enhance the viability o

products. This can be clearly s

increased slightly from period%a
However, prolonged t%\io

drastically dccrez@g&gﬁ Yo ):

According to A Adlercreuz (@%, the substrates concentration decreased as the

reaction pro%\?; d and led to a fall in the degree saturation of the lipase with substrates.

Exlc@ction time, furthermore, may generate excess amount of water and ethanol,
as side products of the transesterification, and promote reverse hydrolysis reaction and

inhibit the catalytic activity of Novozym 435-Lipozyme RM IM.
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Xin et al. (2009) also reported time course profiles for lipase-catalyzed transesterification
of ethyl ferulate with triolein in solvent-free medium, where a long reaction period of 72
hrs was required to reach equilibrium. Thereafter, Yang et al. (2012) 1 Whigh
conversion of 92.4 % in the transesterification of ethyl ferulate with fish 1%1‘ 120 hrs.
Better conversion of 98.3 % was achieved by Sun et al. (2013) withi?;rs using ethyl
ferulate and monostearin under optimization using RSM. V
Ny
l
\d.

By referring to the results, the optimum time to achie ich pefcent e'c.@"sion of
ferulate esters was considered shorter than prevf:T o% toxky? al., 2000;

Y'
Compton & King, 2001; Xin et al., 2009). WH rc?ﬁcti tim s promoted by

Q
complete solubility of the reaction mixture morg ic sotgent @bst et al., 2012) and
may be due to high purity of ethyl ferul (a ‘Vﬁ%v “(hgét&lore, the application of a

9 Q—
dual lipases system as biocatalyst mN ole ore @ons contributed to the high
N

conversion, in line with previglis gies (Lge et pl. > Guan et al. 2010). Thus, in the
'3 s &)
@ s

subsequent experiments re&% tim elected in the synthesis of ferulate

ey

esters.

ST



FIGURE 4.1:
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Effect of Reaction Time on the Conversion of Ferulate Esters. The

Reaction Was Carried Out at 60 “C, Ethyl Ferulate and Olive Oil (1: 4,

g/g Ratio), 5 mL of Toluene and 100 mg of ImmoiiiKZLipases

(Novozym 435-Lipozyme RM IM). *
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4.3.1.2 Effect of Lipase Dosage

The amount of enzyme used is a crucial economical factor for successKQus' trial

application, where minimum enzyme concentration with high conversio:%oducts is

favourable. Therefore, the effect of lipase dosage was examined. is experiment,

lipase dosage was varied (60 — 120 mg) as shown in Figure 4.2 bMing 1: 9 w/w of
Novozym 435 to Lipozyme RM IM as an optimum dualga¥s system. Based on
preceding time course profile, results were obtained after 12Mgofr ac\ﬂeqdle.
g
(NG
i : s v
The results show a slightly increase in the percen@o QoW Ol fe@dte esters by

increasing the lipase dosage from 60 mg (79.1@ 8 21 4 ;E The addition of
lipase in the substrates mixture increasethn : n‘ enzyme intermediate,
which in turn led to an increase in fg cstes co rsu&?vuhm a certain reaction
time. \ , Q

However, beyond the opt@oind the was%signiﬁcant increase in the ferulate

esters conversion with exre epf tllp osage from 80 to 120 mg. Under this

circumstance, all s &!s a}e byd 0 @ enzyme and further addition of any lipase
« ) 4

molecules in tlﬁc on may cause rate limitation. Also, it was not practical since

the mixture \ne extremely viscous due to the agglomeration of the lipases and

promqted Wyffusional problems (Sonare et al., 2010). Further parameters were studied

using 80 mg oflipase dosage.
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FIGURE 4.2: Effect of Lipase Dosage on the Conversion of Ferulate Esters. The
Reaction Mixture Composed of Ethyl Ferulate and Olive Oil (1: 4, g/g
Ratio), 5 mL of Toluene and Immobilized Lipases (1: 9 N, VW%S-
Lipozyme RM IM). The Experiment Was Conducted % for 12
hrs.

90

85

Percentage conversion of ferulate esters (%)

100 110 120

Lipase dosage (mg)



68

4.3.1.3 Effect of Mass Ratio Substrates

The mass ratio of ethyl ferulate to olive oil is one of the m@)'onam

parameters affecting the reaction synthesis. Due to the cost limitation, ea%uz late was
fixed at 1 g whilst olive oil was varied to give varying ratios (1: 2, l:w and 1: 8) as

presented in Figure 4.3. The maximum ferulate esters conversion (S %) was observed
when mass ratio of ethyl ferulate and olive oil was ke 19l : 4' The substrates
concentration above or below this ratio resulted decline in cofgrsigh o ate ﬁstex‘s.

X

Mole ratios of 1: 1 ethyl ferulate: castor oil (Su¥t~al.

monostearin (Sun et al., 2013); 1: 2 ethyl fg u@h
ferulate: triolein (Xin et al., 2011) wer@m ec&?

o-

S etot{, 2012), 1: 2 ethyl
@is of ferulate esters.

According to Sun et al. (2013), t rence s strat{o tios in achieving high

conversion of ferulate esters Weﬁ%le 1) fattywacid compositions as feruloyl
l

acceptor. The authors also sug lowep [he fgri drance of the fatty acids on the

glycerol backbone may res@iuh Clonve ion @

\ i | O’
) ’ b")
Ciftci & Saldana &Hid fpﬁ?ro a,@ncrease in the synthesis of phenolic lipids
from flaxseed @ erulic acid in sx@:’zc:’itical carbon dioxide (SCCO,) with the use of
~N

a high subsn\lolar ratio. This adverse effect of the increased substrate molar ratio

mighlbe@butcs to the presence of less feruloyl groups in the reaction mixture. From

the stand point of reaction efficiency, 1: 4 was chosen as the optimal substrates mass ratio

during the synthesis conditions.
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FIGURE 4.3: Effect of Mass Ratio of Ethyl Ferulate to Olive Oil on the

Transesterification of Ferulate Esters. The Reaction Was Carried Out at

60 “C for 12 hrs, 80 mg of Immobilized Lipases (1: 9 N@%S—

Lipozyme RM IM) in 5 mL of Toluene.

O

Percentage conversion of ferulate esters (%)

\ 1:02 04 1:06 1:08

0% Mass ratio ethyl ferulate: olive oil (g/g)
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4.3.14 Effect of Reaction Temperature

The influence of reaction temperature on transesterification @Tn was
investigated at five different values (40, 50, 60, 70 and 80 “C). Pn]*ly, at lower
temperature the reaction rate is limited by mass transport phenomenam the viscosity
of the reaction mixture. An elevated temperature within a cenTnge could improve
collision frequency of enzyme-substrate molecules; thus cMte gnftial geaction rate.

Conversely, the treatment at high temperature may %‘[ enzyme 11i'ax!¥:§ﬁlcture,
ar,

making it inactivate (Chandel et al., 2011; Kumar & K L, 2011, 9B, it iszl'recessaxy to
N

e hjé;. conversion of
Q
@)

find an optimum temperature of this new dual li

ferulate esters. \)

increasing temperature from 4&(‘?& %,to I'C 21 %). When the temperature
surpassed 60 C, the opposi{ff '
slightly decreased at 70 | 39 d creaJ@ sharply at 80 °C (34.66 %).
|
¢ 2 (.)
) &
Kuo et al. (2012) ed ff ﬂzy@S and Lipozyme RM IM are optimally used

NV
at wmperalur\)Aen 45 to 65 OC’Y:'),’the synthesis of wax esters. In consequence, the

t ned" re the percentage conversion was

applicatjo th lipases as dual lipases system in this study may offer a wide range of
polen@)eralure (50-70 “C) with high conversion of ferulate esters more than 79 %.

Still, 60 C appeared to be the optimum temperature for this dual lipases system.



FIGURE 4.4:

vl

Effect of Reaction Temperature on the Transesterification of Ferulate

Esters. The Reaction Mixture Composed of Ethyl Ferulate and Olive Oil

(1: 4, g/g Ratio), 5 mL of Toluene and 80 mg ofhnmobilifd w;ase (il

nducted

9 Novozym 435-Lipozyme RM IM). The Experiment

for 12 hrs. &
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4.3.2 Study on Interactive Effects of Reaction Parameters and Their Optimization

From the preceding section, it was implied that each selected &Ialatel has a

considerable effect on the reaction synthesis. Thus, experiments in WWmo section

Using RSM

were performed to have a close look on the combined interactive e of the parameters

and explore the possibility to achieve an improved reaction s Z '

Yoo
|G
4.3.2.1 ANOVA and Regression Analysis b
N
0‘ Y'
All 28 of the designed expeuments f01 ym ics es Qfemlate esters with

predicted value are depicted in Table 4. 3 1eﬁ1 ed lues @xe obtained from model

fitting techniques using the softwal g els@ 1.6) and were seen to be
)val |

sufficiently correlated to the % ental %

A@ng the different trials of the
\ ‘&
experimental designs, the h t con]'e 92 4& of ferulate esters was achieved in

treatment 25 (8 hrs, 75 11 ages, ™ qth%)@ulate olive oil, 60 °C). The smallest

*xe

conversion (55.62 9 owll in Jreptm (4 hrs, 60 mg lipases, 1: 2 ethyl ferulate:
' 4

olive oil, 70 “C). f the tre tment@nblted percentage conversion between 55— 90

%, showing v07ym 435- Llpozyme RM IM used presented a good catalyzing effect

in 11166 ification.
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TABLE 4.3: Experimental Data, Actual and Predicted Values for Four-Factor-Five-

Level Response Surface Analysis

Std A B C D Conversion Oo)q
(hrs) (mg) (g/ g) O Predicted &E(;/;al
2 (1) 50(-1) 54.07&'55.65

2 12(1)  60(-1) 1:2(-1) 50(-1) g.zw 87.94

3 4C1) 90 1:2(-1) 50(4)% | 6637
4 6 TR ¢ 8 ) ROl =g (& g R 1 1 5 | 74 \%ﬂ’ﬁ'
\
I

3 4(-1) 60 (-1) LR 18 58.

[

1 4 (-1) 60 (-1)

—

6 2)  60¢) 1:6(1) 50D \6‘9@5.41

7 4¢1)  90(D) 1:6@-1)0‘ 4.6644 65.5

8 ARt ST ) 82.04
& e

9 4(-1) 60 (-1) 2.96 55.62

10 12(1)  60(-1) \(, S 8721 85.54

. Yo
VA

11 4 (-1) 90 128 & 65.05 65.79

12 12 (1) & 1:221) (1) 87.2 86.19

\
‘?:,p'(é—)o 70 (1) 5935 58.29
1:@) 70 (1) 86.27 88.09

15 él) 90 (1) @'6(1) 70 (1) ¥ = 6715 72.75
16%(2(1) 90 (1) ler) " 70.(1) 81.97 79.55

@ 16 (2) 75 (0) 1:4 (0) 60 (0) 85.42 89.42

8 S0 452y 1A 600 8231 81.28
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19 8(0)  105(2) 1:4(0) 60 (0) 88.06 85.87

20 8 (0) 75(0)  1:8(2)  60(0) 86.24 83.01

21 8 (0) 75(0)  1:4(0) 40(-2) 61.33 &'
22 8 (0) 75(0)  1:4(0) 80(2) 61.54 @

23 8 (0) 75(0)  1:4(0) 60 (0) 88.56 Yv86.55

24 8 (0) 75(0)  1:4(0) 60 (0) SS.N 87.2

25 8 (0) 75(0)  1:4(0) 60 (0) T | 924

26 8 (0) 75(0)  1:4(0) 60 (0) 8.5 \d§8T

' N
27 8 (0) 75 (0) 1:4(0) 60 88.96 Bhi?
b 4 VY'

28 8 (0) 75(0)  1:4(0) 6W 88 6 ggm

Multiple regression analysis was further c@ out t0 @emctions (linear, two
0 -

factorial, quadratic, cubic) among eters ir Q&ld quadratic polynomial
N Q%
model was selected as the most ade. FI'Ial ma@ﬂatlcal model was generated

based on the data obtained. Thmse of, ﬁé@lg is to develop the mathematical
connections between resp&}nd I IS @16 future predictions can be made.
According to Santos e@Ol’),' 'W!:('}C;l indicate synergic effect in the yield
increases and ne%%'sigrpl an@onist effect. The fitted quadratic model

(Equation 4.2)Ae transesteﬁﬁcati@etween ethyl ferulate and olive oil catalyzing by

Novozym @mzyme RM IM was obtained as:

S

e

sk

S
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Percentage conversion =

88.56 + 1256 A+1.44B-0.1C+0.052D-3.03 AB-1.83 AC-0.29 AD-1.07 BC +

Ng
Yv

Where A is reaction time; B is lipase dosage; C is mass ratio sub s; D is reaction

temperature z '
L

N
The analysis of variance (ANOVA) results which wer@ed in ¢rd olieénnine the
’ g

e obtaged responses

051 BD+0.39CD-7.06 A> - 0.84 B>- 0.53 C*~6.78 D*

significance of the model, each parameter and their in?‘agti

are shown in Table 4.4. P-value was employ@ ol t
N

coefficient. Low value of probability (é:.OS) nck s?a
0 —V%ﬁ" (30.36), with p-value

corresponding coefficient. The mo%-egr&s.

<0.0001, implies that the quadratic miaf Mode wasgg%iﬁcant at 95 % trust level.

S /i

It was also observed that re Mime lA) a sj icant effect over lipase dosage (B),

A
mass ratio substrates %xl ]aoti ?’npﬁ%{ure (D). Besides that, the effects of
e

9
i b)d ipA dosage (AB), and the quadratic terms of

interaction betweerp1 n P
Sy : . i o
reaction time Qn reaction tem ngure (D) were also significant. These results

showed the@ects of various factors on the ferulate esters conversion by dual lipases

systen@ot simple linear relationship. The lipase dosage (B), mass ratio substrates

%

i heo' nificance of each

significance of the

—

—_

—

(C) and reaction temperature (D), despite not being statically significant, they must

remain in the equation to keep the hierarchy, or else the equation loses its robustness
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(Santos et al., 2013). On the contrary, the model also showed statistically msignificant
lack of fit, confirming that the model explains very well the experimental data in the

chosen intervals.

TABLE 4.4: ANOVA for Joint Test Q

Sum of Mean Y p-value
Source Squares  df Square TG ' Prob > F
L

Model 6311.18 14 450.8 30 "W”’“I "
A-Reaction ime 3784.58 | 3784.5 R b ' ﬁ 1"

3 X089 .

Y

(C-Ratio substrates 0.17 I 0N \('N'l I g 09162 "

D-Reaction temperature 0.064 I %w(m 0‘ 004 0.9486 "
AB 146.53 \I -u& 0 Q 0.0072 *

AC 53.73 co %T &2 0.0779"
% o >

B-Amount of enzyme 49.59 I

AD 0.7688 "

B e 0.2838"
BD 0.6048"
ch 0.6926"
A2 & < 0.0001"°
B G} 0.2779"
o3 Q : 45 3 0.5906"
D? A«' 27625 82.50 < 0.0001"

20.59 4.56 0.0547"

6519.05 28

* Significant at “Prob > F' less than 0.05
b - i - »
Insignificant at “Prob > F* more than 0.05
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1

[he quality of the model can be checked by the determination cocllicient (R7) as

presented in Table 4.5. The obtained value for the determmation cocthicient (R™ ~ 0.9681)

indicated that 96.81 % of the experimental response vanability can be m"~|'l‘l{z y the

previously discussed model (Equation 4.2). In this study, low value « %llxlclll of

variation (CV = 5.068) indicated reproducibility of the model \uw to Beg et al

(2003), a model can be considered reasonably reproducible if the Y not greater than
10 %. The Pl\'(ll(lul R \qll.xlg‘ai of 0.807 was n recasonable ﬂzu‘lli with .l(llll‘-l(‘(i R

nodp!, Noffate Precision

* X

was used to measure the signal to noise ratio where § 0 'w.mylln_@n.nhlc A
ratio of 19.591 indicated an adequate signal \ ‘\’

Mtil

squared of 0.936 suggested a satsfactory representation ol

TABLE 4.5: R-Squared (R*) Analysi

Standard deviau

Mean

CV% IQ(‘R

PRESS v'vo-/ & 4126002
() VUGS

&
l %o 0936
b 0.807
N

=
S
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4.3.2.2 Response Surface Analysis

Equation 4.2 was then used to facilitate plotting of 3D response su@wo

parameters were plotted at any one time on the y1 and y 2 axes, respectisbith other

two remaining parameters were fixed at zero level.

=4

a. Interactive Effect of Reaction Time (A) and Lipase g (B

Figure 4.5 shows the response surface plots a%ion of r
s

10!1.&‘{?6 Versus
lipase dosage for quadratic model with other parame X 3 cenﬁ,;, oints: ratio

Y.
substrates (1: 4 ethyl ferulate: olive oil) an\@ te Q\ar
n tim

percentage conversion with increase react

S
the plot. Two molecules of enzymes delﬂznde w@ansfoml twice as much

{e (QL ). Increases in

osAge were noticed from

substrate in a specific time (Dixon k 1 $
(
X "é‘*
The trend observed was su the @s wopk®® Gunawan et al. (2005) predicted an
increase in pelcenta0 1th | ax(agds increases in incubation time and
(z
Lipozyme IM do ng rs 111 x ester from palm oil and oleyl alcohol.

According to H& ni et al. (2001)@ enzymatic synthesis of isobutyl isobutyrate,
it was shown E reaction time and Lipozyme IM-20 interaction were significant and

pl.evah®;g

levels of both parameters.
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FIGURE 4.5: Response Surface Plot of Reaction Time versus Lipase Dosage in

Quadratic Model '
NI
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In our study, however, a shight decrease in percentage conversion was detected at highest
level of lipase dosage (90 mg) and reaction time (12 hrs). One possible explanation s that
too much lipase molecules in a system caused mass transfer llllnl;lllm\l\ to the

agglomeration of the lipases even at longer incubation penod |llcl&‘hllc.lll;lll,llln lipasc

dosage (60 mg) and maximum reaction time (12 hrs) appeared to hg’Vmsl favorable

condition for the transestertfication reaction V

b. Interactive Effect of Reaction Time (A) and Mass i0 JubsSwgyr

substrates for quadratic model with other I\H» (@fhicir genter points: hipase

dosage (75 mg) and reaction lcm;wr;nurccm )

those seen with reaction time \cnm%i ave (Forge 4y At any given mass ratio

ue&ul in increase of percentage

substrates, increase in reaction ti

conversion. Though, at 12 hrs™¥X15) a hneprde w%q percentage yield was remarked

with increasing amount n@nc Lun, $

(} : ',IC)O

The first step in ghe Wgechagidm gt fip \‘;n;xl\/cd reaction 1s attack of the catalytic
I ' o f I ]

. . 120 . .
serine (Ser the carbonyl C;IW of the acyl donor to form the acyl-enzyme

intermedi \\'ulhn et al., 1997). Longer reaction time may increase the chance of

contde »en enzyme and substrate, however, further increment of olive o1l molecules

in this study may distant the active site of the lipases from the limited concentration of

cthyl ferulate.
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FIGURE 4.6:  Response Surface Plot of Reaction Time versus Ratio Substrates in

Quadratic Model
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The findings of Yang et al. (2012) have indicated that high viscosity of fish oil in large
amounts of application contributes to the decrement of bioconversion of ethyl ferulate. In
addition, too much concentration of one substrate also leads to ineffec’{glixing of
reactants (Xin et al,, 2011). In this transesterification reaction, maxS&conversion
(within the tested range) could be achieved at high reaction time (L’Ybby carrying out
the reaction using low substrates ratio (1: 2 ethyl ferulate: olive ON

\%

c. Interactive Effect of Reaction Time (A) and Rea T nM;e

temperature for quadratic model with other p%y h
dosage (75 mg) and mass ratio subslrauc‘ he

reaction temperature, generally, man%s cf

ofplot, also known as dome shapg ,

&

From the plot, the highc&\ema‘c G vex‘si@vas clearly observed at 60 °C axis.
. . . \ . . .
Further increasing or cNm the 13 ?Im \perature, at any given of reaction time,
the percentage COE%I }1 edflo/redde. Gunawan et al. (2005) have observed a
C

similar trend of 5’1 :

ained that this phenomenon was due to the critical temperature which

n time versus ressgim temperature profile for synthesis wax esters.

The authors

reaction y sis was drastically decreased beyond the optimum point.
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FIGURE 4.7:  Response Surface Plot of Reaction Time versus Reaction Temperature

1in Quadratic Model
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Again, increment of reaction temperature from 4 to 12 hrs shows a positive effect when
correlated with any reaction temperatures. In this work, the most conducive conditions
were seen at long reaction time (12 hrs) with moderate reaction temperatura&:iz(?). The
use of moderate temperatures is beneficial in that power costs can be re*%and lipase
stability can be preserved during prolonged operation system. Yv
Y
d. Interactive Effect of Lipase Dosage (B) and Mass 1 Z:bs'rates (©)
\d
Y'

L
| &
Response surface as the interactions of lipase o and rfas@fatid eksubstrates
’ i

N s i e!%\a{ their center

for quadratic model is displayed in Figure 4.8 with Nfer p

points: reaction time (8 hrs) and mass reaction @nux
previous, positive interaction was observegrwith Tcnred ‘Tl lliése dosage and ratio of
substrates. As expected, low pcrccnta%mi(ﬁl w dic@ at high concentrated of

&

lipases dosage (90 mg) and mass ra 'Mtra c®(L: § eth rulate: olive oil). It could be

attributed to the low umccnlral%’

Most authors reported @“sc @ 0 }"rg@%(noum of substrate as well as enzyme
contributed to a hi(i Q!tm}g yigld t@el‘s due to the high probability of enzyme
I

substrate collision!»

2011). Conv \ this linking is ineffective when there are limiting factors involved

) S&Qi ar trend with the

%,

1g an acyl-enz intermediate (Jeong et al., 2009; Zhao et al.,

v

such as sUbstrate concentration, presence of activators, inhibitors or mass transfer

eftect (Gunawan et al., 2005).
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FIGURE 4.8:  Response Surface Plot of Lipase Dosage versus Mass Ratio Substrates

in Quadratic Model
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On the other hand. Hari Krishna et al. (2001) have successfully synthesized high isoamyl
isobutyrate at high substrate levels with low enzyme concentration. The good yields
achieved with minimal amount of enzyme suggest an economic advantage sinc ost

of enzyme usually higher than that of substrate. From the results obta'l%\tcan be
deduced that highest percentage conversion of ferulate esters are possible aphigh lipase
dosage (90 mg) by employing low substrates ratio (1: 2 ethyl ferulatagoli® oil).

\N

e. Interactive Effect of Lipase Dosage (B) and Rea empergtupd(D)

.
? '-\‘:}T
Figure 4.9 illustrates the response surface plv ipq{ & vsx;.l.s reaction
temperature for quadratic model with other %wers t th&cemer points:

&
: Qve oil). This plot

& c})d 86 % for reaction
U]
temperature lower and upper than 60 N, lr | ngg e dosage.

(‘J 'S
At below critical temperatur ndecd,l \zclim anversion was rather low due to

viscosity of reaction syslc\%his v
B

and attach to the sub@axhic 1SQds

temperature, howgyMggMe bene

operational indMgility of the lipases.
findings N\ » ct al. (2011) in the synthesis of ascorbyl esters from lard. Therefore,

I enzyme (90 mg) and moderate reaction temperature (60 “C) appeared to

high amo

be the most favorable conditions for the transesterification reaction.
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FIGURE 4.9:  Response Surface Plot of Lipase Dosage versus Reaction Temperature

in Quadratic Model T
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f. Interactive Effect of Mass Ratio Substrates (C) and Reaction Temperature

Ag

Response surface for the interactions of ratio substrates and re% temperature

(D)

is visualized in Figure 4.10 for quadratic model with other parameters N&ed at their center
points: reaction time (8 hrs) and lipase dosage (75 mg). The iv ons portray similar
trend to those seen with reaction temperature versus lip%e Figure 4.9). At any
given of ratio substrates, percentage conversion increaged whth rhacti ’teﬂ15 ture at
\ N

Besides, through the lowest temperature (\%axis, a N dé%ase of percentage
conversion was predicted by increasim:I %‘[io sub\‘M‘a.

0

first and the trend was reversed when it was beyond

égwas supported by the
Co

findings from Zhao et al. (2013) il\ synthegis lgrdiged ascorbyl esters. They
suggested that excess lard Lowﬁatlo 1y the %actlon system may induce
I & )

conformational changes that Imigdthe K{C fqé;hydrophilic ascorbic acid to the

catalytic site of lipase. &\

However, diffcrcw: wit ish

o)
aQ
=

=
—
&
c
ov)

J
§
=2
=0
7]
5
o

.—]
5
o
oo
=
=
5
=
@
o
0
.
=]
o)
o
o
o
o]
L d
=
03
=

transesteri ﬁcat'\ f
lcmpcrmur%: 60 C can reduce the viscosity of the fish oil and consequently lead to

high aygvery®n of esters with more than 90 %. From the response surface plotted, thus,

low ratio of substrates (1: 2 ethyl ferulate: olive oil) and moderate reaction temperature

(60 "C) appeared to be the favorable condition.
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4.3.2.3 Optimum Conditions

Within the experimental range studied, the optimum conditions for @ersion
of ferulate esters by Novozym 435-Lipozyme RM IM were predicte@ numerical
optimization feature of the Design Expert. The adequacy of the yded model was
examined by performing three additional independent experimw at the suggested
optimum conditions. More than 90 % of percentage convers Tle rbtamed at optimal
conditions as shown in Table 4.6. g

,é\ :<§'

L 4
The results obtained show an increment about W \Q con @f)nal study of

varying one parameter at a time. The goo 1 enl the(axedlcted and actual
results demonstrated the validation of the ode Y &k

n S

From an economic viewpoint, it i bl M 1 owest possible reaction time,

LS s
lipase dosage, ratio xubslmtu% 110 en e}a% for practical transestrification of

ferulate esters. Swmman&\ph sllonel fre 1 time was required for the synthesis

\
of ferulate esters by ' nc(éﬁ IM with high percentage conversion as

compared to the t%al

@ds by using single lipase (Compton et al.,
2000; Xin et ll

synthesis o %xlc esters

Yang et al. 2). This finding can be used for future scaleup
6’
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TABLE 4.6: Optimal Conditions Derived by RSM (Quadratic Model)

No A B C D Conversion (%)
(hrs) (mg) (g/ g) (O Predicted A lr
1 11.86 60.24 1:2.07 65.28 92.96 %
2 11.72 87.81 1:2.13 62.27 94 .83 *.03
3 11.82 63.82 1: 2.45 64.58 93.80 T92.73

4.4 Conclusion

The influence of several parameters oy the Wo

synthesis of ferulate esters were effecti ia/

statistical analysis. The four factors w%‘eacth% A gés
C e

n.q

reacwQn tjne sifved high significant effect

: . N
among the others. Maximum _yie 94103 w tained at optimum reaction
(
conditions. Therefore, optimizati of\L\ 6‘ ¢ synthesis by using dual lipases
system was successful. &\ {QE

substrates and reaction IcmperaturcK



	Image00081.jpg
	Image00082.jpg
	Image00083.jpg
	Image00084.jpg
	Image00085.jpg
	Image00086.jpg
	Image00087.jpg
	Image00088.jpg
	Image00089.jpg
	Image00090.jpg
	Image00091.jpg
	Image00092.jpg
	Image00093.jpg
	Image00094.jpg
	Image00095.jpg
	Image00096.jpg
	Image00097.jpg
	Image00098.jpg
	Image00099.jpg
	Image00100.jpg
	Image00101.jpg
	Image00104.jpg
	Image00105.jpg
	Image00106.jpg
	Image00107.jpg
	Image00108.jpg
	Image00109.jpg
	Image00110.jpg
	Image00111.jpg
	Image00112.jpg
	Image00113.jpg
	Image00114.jpg
	Image00115.jpg
	Image00116.jpg
	Image00117.jpg
	Image00118.jpg
	Image00119.jpg

