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Abstract

In the present study, biodiesel was produced via the enzymatic interesterification of Crude Palm Oil (CPO) with
methyl acetate within ultrasonic condition. In contrast to alcohol, methyl acetate as an acyl acceptor does not in-
hibit lipase activity and can create triacetin as a useful byproduct. In this work, Immobilized lipase from Candida
Antartica A (CaLA) was utilized as biocatalyst and the effect of using non-pretreated CPO and pre-treated CPO as
feedstock were explored. The pre-treatment of CPO involves degumming with acid, washing with water, and
bleaching. The enzymatic interesterification was conducted in three-neck flasks using an ultrasonic water bath at
45°C. Few parameter effects on biodiesel production were also investigated, including the effect of molar ratio of
CPO to methyl acetate, the effect amount of lipase, and the reusability of immobilized lipase (CalLA) in the inter-
esterification reaction. The highest average Biodiesel yield of 80.6% was obtained from pretreated CPO at a molar
ratio of 1:9 with 100 mg (1% w/w) of Immobilized CalLA, after three hours of reaction. Further research on the re-
usability of immobilized Cal.A revealed that the yield of biodiesel reduced significantly after the second run. The
results of the present study also demonstrated that Immobilized CaL.A performed well at low concentrations but
had low stability, with productivity decreasing to 92% upon reuse after the initial run. In order to make Immobi-
lized lipase economically viable, further research must be conducted to overcome its low stability in the reaction.
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1. Introduction vantages of fossil fuels, such as not being envi-
ronmentally friendly, increased release of car-
bon dioxide, which has resulted in rising global
temperatures and climate change. This is when

Nowadays, the use of fuel is shifting towards
renewable energy supplies due to various disad-

X biodiesel comes in useful. Biodiesel is a renewa-
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The oils contain triglyceride, a molecule that
is an ester produced from three fatty acids and
glycerol. Triglyceride from vegetable oil inter-
acts with alcohol (acyl acceptor) with the aid of
a catalyst to form biodiesel (alkyl ester) and
glycerol (by-product). This is referred to as the
transesterification process. Crude palm oil
(CPO) was chosen for our study because Malay-
sia is one of the leading exporters and produc-
ers of palm oil [1]. Unlike other oils, Crude
Palm oil offers several advantages, including
perennial crops that are continuous and unin-
terrupted, a high output yield, and a plantation
that requires less fertilizer, water, and pesti-
cides [2].

Many key aspects influence biodiesel manu-
facturing, such as conversion efficiency and
production cost, as well as the molar ratio of
feedstock (oil) to alcohol (acyl acceptor) [3]. In
terms of stoichiometry, the molar ratio of oil t
alcohol in a transesterification reaction is at
1:3. Higher molar ratios may be required for re-
versible reactions to progress, improve reactant
contact, increase the miscibility of the triglycer-
ide with the alcohol molecule, and further dis-
rupt the glycerin-fatty acid bonds [4,5]. As a re-
sult, greater alkyl ester conversion occurs more
quickly at higher molar ratios [6]. However,
this is only the case up to a specific molar ratio,
after which the yield will not rise [7,8]. A high
molar ratio of oil to alcohol can inactivate the
enzyme activity and reduce the biodiesel yield
when using an enzyme or lipase as a biocata-
lyst [8—-10]. The most typical byproduct of this
process is glycerol. Glycerol's limited solubility
in biodiesel is also an issue. During the process,
glycerol deposits accumulate, covering the im-
mobilized catalyst and limiting the enzyme's
activity [11].

Instead of alcohol, an alternate acyl accep-
tor, such as methyl acetate, is introduced with
triacetin as a byproduct. Methyl acetate has no
adverse effect on immobilized lipase. The pro-
cess of converting triglycerides and methyl ace-
tate into biodiesel and triacetin is known as in-
teresterification [12]. Equations (1) and (2) be-
low illustrate how the stoichiometric reactions
of transesterification and interesterification
differ from one another.

Transesterification:

TG + 3MeOH « 3FAME + Gly (1)
Interesterification:

TG + 3MA < 3FAME + Triacetin 2)

where, TG stands for triglyceride (from any
vegetable o1l & fats), MeOH for methanol, MA

for methyl acetate, FAME for biodiesel, and
Gly for glycerol.

Stoichiometrically both reactions are identi-
cal, the difference only in the acyl acceptor
(methanol & methyl acetate) and by products
(glycerol & triacetin). Many studies on Bio-
diesel production from transesterification with
methyl acetate have been reported by Ognja-
novic et al. [13], where they investigated the ef-
fect of methanol and methyl acetate on immo-
bilized lipase, Novozyme 435. The result was
nearly 100% conversion with no inactivation of
the immobilized lipase.

Triacetin, a by product in this study, is pri-
marily utilized as a plasticizer and gelatinizing
agent in polymers and explosives, as well as an
additive in tobacco, pharmaceutical com-
pounds, and cosmetics [14]. It can be produced
as by product from Biodiesel synthesis and
from acetylating the glycerol with acetic acid
[12,15]. In addition to being a compound of
greater value, triacetin has the benefit of being
soluble in biodiesel, allowing it to be incorpo-
rated into its formulation [12]. According to re-
cent research, triacetin also can be added to bi-
odiesel formulations up to 10% by weight and
still meet Biodiesel quality standards [14].

Lipase has drawbacks such as high cost and
deactivation due to high alcohol concentrations
or extreme temperatures. Deactivation can re-
duce the effectiveness of enzymes. As a result,
the enzyme cannot be reused, making industri-
al application technically challenging [16,17].
To reuse the enzyme, the lipase enzyme's sta-
bility must be altered. The ability of an enzyme
to maintain its active structural shape in the
presence of disruptive stimuli, such as high-
temperature influence, is referred to as
"enzyme stability" [18]. Immobilization of en-
zyme is one method. The goal of immobilisation
is to create a biocatalyst that is stable and can
be reused multiple times [19,20]. This method
must take into account relative enzymatic ac-
tivity, immobilisation procedure cost, enzyme
deactivation, lipase loading, reagent toxicity,
and final catalyst properties [21].

Temperature, reaction time, solvent, and
agitation method are all factors that can affect
the stability of immobilized enzyme. Previous
research on enzyme stability in the interesteri-
fication of CPO from Shamel et al. [22] found
that the stability of immobilized lipases in
transesterification within ultrasonic was re-
duced to 70% after one hour when the tempera-
ture rose to 70 °C. As a result, the ideal tem-
perature should be lower. The optimal temper-
ature range is 30 to 50 °C [1]. Hence, in this
study, the chosen temperature of 45 °C is with-
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in the range. Many advantages have been
demonstrated by the use of organic solvent tol-
erant lipase in organic media, including in-
creased activity and stability, regiospecificity
and stereoselectivity, higher substrate solubili-
ty, ease of product recovery, and the ability to
shift the reaction equilibrium towards the syn-
thetic direction [23]. However, the solvent used
must be carefully chosen, either to dissolve the
oil and alcohol/methyl acetate or to act as a
washing agent after each run, as the solvent
may deactivate the lipase. One example is the
use of hexane in the reaction to improve oil and
alcohol homogeneity but may deactivate the en-
zyme when used in transesterification [24].

Ultrasonics were used to aid the transesteri-
fication process in this study. The most notable
advantages of this ultrasonic assistant are high
yields, gentle response conditions, and quick re-
action times [25,26]. Furthermore, the cavita-
tion effect increases the surface area between
the reactant and the reactant, replenishing the
surface of the solid reactant or catalyst and ac-
celerating dissolution [27,28]. Prolonged expo-
sure to ultrasonic waves, on the other hand,
can harm the enzyme's catalytic function. Few
studies on biodiesel production via enzymatic
interesterification with ultrasonic assistance
have been published. One of them is Batistella
et al. [29] research, which reported achieving
90% yields in the transesterification of soybean
oil with ethanol using ultrasonic-assisted lipase
Lipozyme RM IM and Novozym 435 in a four-
hour reaction.

Biodiesel is produced in this study by inter-
transesterifying Crude Palm Oil (CPO) with
immobilized lipase from Candida antartica A
(CaLLA). Several parameters were investigated,
including the effect of CPO pretreatment on
yield, the effect of molar ratio and enzyme con-
centration, and the stability of immobilized li-
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Figure 1. The schematic of interesterification
process setup.

pase. The findings of this study are expected to
help researchers better understand the optimal
conditions and stability of immobilized lipase
in a transesterification reaction using CPO as
the feedstock.

2. Materials and Methods
2.1 Materials

The CPO in this investigation was courtesy
of a generous donation from one of Malaysia's
biodiesel companies. Phosphoric acid (HsPOus)
with 85% purity, which was used for acid
degumming in the pretreatment process, hex-
ane butanol was supplied by R&M Chemicals
Malaysia. Activated granulated charcoal of the
grade AR was produced by Riendemann
Schmidt was employed to bleach the oil. Methy
acetate, 99% purity, FAME Standard C4-C24
and Immobilized lipase A from C. antartica
(CaLLA) were all purchased from Sigma-
Aldrich.

2.2 Methods
2.2.1 Pre-Treament of CPO

The CPO was undergone a pretreatment
process by acid degumming and bleaching. The
20 g of CPO were heated to 80 °C and added
with 2 g of phosphoric acid 10% (w/w). The
mixture was washed with warm water and cen-
trifuged at 700 rpm for 30 min to separate the
water and the impurities from the oil. Then,
the oil is heated to 100 °C, and 1% (w/w) of
bleaching earth is added to the oil. The mixture
was stirred with a magnetic stirrer for 30 min.
Then, the Buchner funnel filtration was used
to separate the oil from the bleaching earth.

2.2.2 Interesterification of CPO

A 10 ml (10 g) of CPO mixed with methyl
acetate with in three neck flasks equipped with
thermometer and sampling point. The mixture
in three neck flask was heated up to 45 °C in
an ultrasonic bath water. The 100 mg (1% w/w
of CPO) of immobilised lipase was added to the
mixture. The reaction was performed for 2 h
and 30 min. The sample was centrifuged to
separate biodiesel from triacetin and immobi-
lized lipase. The supernatant was then mixed
with hexane for Biodiesel analysis using GC
MS. The experimental set up is drawn in Fig-
ure 1.

2.2.3 Reusability of immobilized lipase

In Stability study for reusability of Immobi-
lized CaLA, after each run of interesterifica-
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tion, biodiesel was centrifuged and the immobi-
lized lipase was extracted, and wash with ace-
tone, prior to next run. The experiment was re-
peated until fourth time, and the productivity
of immobilized lipase was analyzed.

2.2.4 Fatty acid Methyl Ester analysis by GC-
MS

The supernatant from centrifuged biodiesel
was taken and mixed with hexane homoge-
nously using vortex. Then, the mixture was in-
serted into the vial and sent to GC-MS for anal-
ysis. The SLB®-5ms Capillary GC Column with
helium as carrier gas, was used to analyse the
sample. The split ratio was 1:50 with inlet tem-
perature of 250 °C. The Biodiesel (FAME) yield
was calculated based total weight of Fatty Acid
Methyl Ester (FAME) in product over the
weight of Crude Palm Oil (CPO) as shown in
equation (3).

Total FAME weight

: x100% 3)
CPO weight

%Yield =

3. Results and Discussion

3.1 Effect of Pretreatment of CPO for Different
Molar Ratio

Experiments were conducted to determine
the optimal molar ratio of oil to methyl acetate
for both non-pretreatment and pretreatment
CPO.

Figure 2 depicts the total FAME Yield from
both non-pretreated and pretreated CPO. The
interesterification was carried out at 45°C us-
ing 180 mg of immobilised CaLA. Biodiesel
yields of 51% and 57% were obtained at molar
ratios of 1:3 and 1:9 for non-pretreated and pre-

70
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« Pretreatment CPO %:
~ 50 4 o
;3
240 1 % 2 i
> = =
30 - 2 2 i
Z 2 2 i
] "I | B R
2 i 2 &
10 = = = =
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Molar ratio of CPO to Methyl acetate

Figure 2. Effect of Molar ratio CPO to methyl
acetate for Non pretreated and Pretreated
CPO.

treated CPO, respectively. The reaction is un-
affected in either case by increasing the con-
centration of methyl acetate up to molar ratios
of 1:6 for non-pretreated oil and 1:12 for pre-
treated oil. This could be due to excess methyl
diluting the oil, reducing the contact of oil and
methyl acetate [29]. The findings also showed
that the optimal molar ratio for each CPO
(pretreated and non-pretreated) 1is distinct.
This difference may exist because non-
pretreated CPO naturally contains more phos-
pholipids than pretreated CPO. This phospho-
lipid is widely regarded as a significant impedi-
ment in the biodiesel industry. The perfor-
mance of Immobilised Candida antarctica li-
pase was reported to be negatively affected
even with less than 1% phospholipid, implying
that successful degumming with complete re-
moval of phopholipid is required [30—32]. The
trend result from current study shows similar
pattern to previous study from Surendhiran's
[33], where the molar ratio increased in a line-
ar fashion from 1:3 to 1:9. When comparing Bi-
odiesel yield from transesterification using al-
cohol as an acyl acceptor to the current study
with methyl acetate, the trend usually results
in a lower yield after a molar ratio greater than
1:3, due to alcohol or glycerol inactivating the
lipase biocatalyst, as reported by Shimada et
al. [34]. As a result, based on the highest Bio-
diesel Yield. subsequent researches were car-

ried out at fixed molar ratio of 1:9 with pre-
treated CPO.

3.2 Effect of Amount of Immobilized Lipase Ca-
LA

For this investigation, an experiment at Mo-
lar ratio 1:9 using pretreated CPO was con-
ducted, to determine the optimal amount of C.

100
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0 4 T T T T T T
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Amount Of Immobilized Lipase (CaL.A) (w/w)

Figure 3. Effect Amount of Immobilized CalLA
in Interesterification of pretreated CPO.

FAME Yield (%)
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antartica lipase A (CaLA) for maximizing bio-
diesel yield.

Figure 3 depicts the total yield of various
amounts of lipase, spanning from 1% (w/v) (100
mg) to 3.5% (w/w) (350 mg). As shown in Table
2, the preponderance of earlier studies on
transesterification reported maximum lipase
concentrations ranging from 3% to 10% (w/w).
Thus, the current study begins below the range
and progresses to within the range. The high-
est Biodiesel yield was achieved at a lipase con-
centration of 1% w/w with an 80.6% of Bio-
diesel yield, indicating that the reaction can be
catalyzed even at lower enzyme concentrations.
When the enzyme dosage exceeded 1% w/w, the
yield decreased. This is because the higher the
concentration of catalyst, the less effect it has
on the reaction. As the amount of enzyme in-
creases, it becomes stationary, which was also
observed in study from Yasvanthrajan et al.
[35]. This could be due to the catalyst clumping
together in the reaction media and losing con-
tact with the active sites of the reactant [36].
As a result, 100 mg (1% w/v) of enzyme is the
ideal amount.

thyl Ester was majorly found from Biodiesel
from this study, with Methyl Oleate and Me-
thyl ester were dominant. Similar major un-
saturated methyl ester composition was also
reported by Widyawati et al. [37].

3.3 Stability Study of Immobilized CaLA in In-
teresterification

The stability was investigated by reusing
the immobilized CaLLA in interesterification at
a molar ratio of 1:9 in an ultrasonic water bath
at 45°C. The experiment was carried out five
times reusing the lipase in reaction, and the re-
sults is described in Figure 4.

Figure 4 shows that the stability of CaLA
was reduced by 92.27% from the first run in in-
teresterification of CPO. This could be because
the active site's structure was damaged, result-
ing in a significant decrease in total yield. Be-
fore being reused, the CaLLA was washed with
acetone to remove any remaining CPO, tri-
acetin, or biodiesel. As a result, it may also be

90
The major Fatty acid methyl ester (FAME)’s e |
composition at amount of lipase 1% w/v is
shown in Table 1. Unsaturated Fatty Acid Me- 70 1
60 1
]
S 50
Table 1. Fatty Acid Methyl Ester composition :40 i
of biodiesel from pretreated CPO at molar ratio 5
1:9, amount of CaLA 1% w/w at 45°C. K 307
20 -
Methyl Ester Component Composition (%) 10 -
Methyl Oleate 66.67 o | [  am . _
Methyl Palmitate 23.33 1 2 3 4 5
Methyl Linolelaidate 1.67 Number of Reuse Immobilized lipase
cis-11,14-Eicosadienoic 8.33 Figure 4. Stability study of Immobilized CaLLA

acid methyl ester

in interesterification of pretreated CPO.

Table 2. Yield and reusability of immobilized lipase in transesterification.

Immobilized . Amount % Yield - % Yield
No Lipase oil of Lipase (1st run) Reusability after reuse Ref.
1. Candida antartica Crude Palm 1 %w/w 80.92 4thtimes 9.7 Current
(CalLA) 0Oil Study
2. Novozym 435 Waste Cook- 10 %w/v 86.61  4thtimes 81.1 [38,39]
ing Oil
3. Novozym 435 & Soybean Oil 5 wt% 57  Tthtimes 28 [25]
Lipozyme RMIM 90 2 times
4. Lipozyme TLIM Waste Cook- 6 %(w/v) 90.1 Tthtimes 20 [42]
ing Oil
5. Pseudomonas Waste vege- 3 %w/w 46.3 6th times 22.39 [43]
cepacia table oil
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the cause of a decrease in catalyst activity, as
high solvent concentrations may reduce the in-
teraction between reactant and enzyme [38,39].

A study from Kamal et al. [40] also reported
that relative activity of the lipase monotonical-
ly decreased with increasing concentration of
acetone, acetonitrile, and DMF. Showing that
lipase is sensitive to acetone. Another factor
that can be considered is ultrasound irradiation
which changes the structure of enzyme causing
it to be deactivated. The structure of enzyme
was changing during the reaction added with
ultrasound irradiation causing it to deactivate
[2]. Thus, other parameters such acoustic on
enzyme stability is suggested to be considered
in the future research.

3.4 Formation of Triacetin as by Product from
Interesterification of CPO

Triacetin is a byproduct of the reaction be-
tween triglycerides and methyl acetate that
has a higher added value than glycerol [14]. In
this study, the formation of triacetin from the
interesterification of CPO was analyzed and de-
tected using FTIR. Figure 5 depicts the IR
spectra of triacetin resulting from CPO inter-
esterification using CaLA. The dominant spec-
tra were observed to be at +1741 cm~! and
+1236 cm~l. Further observation in Figure 6
compares the IR spectra of triacetin derived
from interesterification, with commercial Die-
sel B10 and CPO, to determine which spectrum
is the most dominant. It can be seen that

2082.80

5 |
20
14.0

wavelength of £1741 cm™! is present in all
three spectra. However, wavelength of 1236
cm~! is only present in the IR spectra of tri-
acetin from interesterification of CPO. This
verifies the formation of triacetin from the re-
action and identifies its characteristic peak.
Comparable IR spectra of triacetin (£12++
cm~1) was also reported by Pastres et al. [41]

4. Conclusions

In this study, Immobilized Candida Antarti-
ca Lipase A (CaLA) is successfully conduct en-
zymatic interesterification with methyl acetate
from CPO. The highest yield was obtained
when using pretreated CPO in interesterifica-
tion at a molar ratio of oil to methyl acetate

100 - L - - VY A\ AT
gy YV ¥ N\ WA
F\ “ ]Jr\n\ VY|
| 1748.97 giN f
80 | 18
\
= 607 i
[
——Diesel B10
40 4
Triacetin from
Interesterification
20 A —
cpoO 1741.21 1237.15
0 T T T T T T
4000 3500 3000 2500 2000 1500 1000

(em™)

Figure 6. Comparison of IR spectra for commer-
cial diesel B10, triacetin from interesterifica-
tion and raw CPO (redrawn data).

980 66

606.51

1436.98

i
843 40
1369 .69

104458

4000.0 3600 3200 2800 2400 2000

1600 1400 1200 1000 800 600 515.0

Figure 5. FTIR spectra of product from interesterification of CPO.
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greater than the stoichiometric molar ratio. In
the study of enzyme dosage, a low amount of
immobilized CaLLA was found to have more ef-
fective activity than a high amount. However,
when the stability of immobilized CalA was
tested by reusing the lipase five times, the
productivity and biodiesel yield were greatly re-
duced in the second run. This is most likely due
to the use of acetone as a solvent in the wash-
ing process of immobilized CalLA after each re-
action, which affects the interaction between
the enzyme and the reactant. To avoid the de-
struction of the active site of the lipase, it is
recommended to use the proper solvent to re-
move residue oil or any impurities before reuse.
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