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Abstract: Biodiesel production from Waste Palm Cooking Oil (WPCO) is of interest to substitute fossil
derived diesel fuel, due to its renewable nature, cleaner emissions and non-toxic properties. Thus, in
this study, biodiesel production through transesterification process was optimized using immobilized
lipase from Candida rugosa and WPCO collected from the faculty’s cafeteria as a feedstock. Interaction
between five operating factors: molar ratio of ethanol to oil, water content, lipase loading, reaction
temperature and time on the biodiesel yield were investigated. It was observed that, with the optimal
conditions of 10:1 molar ratio of ethanol to oil, 1 g water, temperature 40 °C, 0.8 g immobilized lipase
and 32 h reaction time, a yield of 85.72% of biodiesel could be achieved. Thus, this study shows that
WPCO, an environmental waste, can be utilized as a promising feedstock for biodiesel production
using environmentally friendly biocatalysts such as immobilized lipase.
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1. Introduction

The need to reduce the reliance on fossil fuels has paved the way to create a renewable
and sustainable biofuel for the future. Biodiesel, one of the most favourable biofuels,
possesses an important role in substituting the existing fossil derived petrol diesel fuel as
they are environmentally friendly, energy efficient, non-toxic and renewable in nature [1].
Cost related with the process of biodiesel production is the main restricting factor of its
production on a large-scale [2]. According to Etim et al. [3], almost 80% of the total cost for
the biodiesel is from the feedstock utilized during the production. Therefore, the high cost
of biodiesel production can be reduced by using low-cost, readily available feedstock or
waste by-products and biomass [4].

Waste generated from agriculture or food industries can be efficiently utilized as sub-
strates for production and extraction of value added products [5]. Since these wastes might
contain lignocelluloses, carbohydrates, lipids, and protein, it can be reused and recycled
into new fuels such as biodiesel and bioethanol. Due to the increasing industrialization
in the world, the generated wastes lead to serious environmental concern. Therefore, con-
verting wastes into biofuels is a three win alternative, which can increase energy security,
improve food security and reduce environmental pollution [6]. Thereby, the use of waste
cooking oil (WCO) as a feedstock might be a good choice for biodiesel production.

WCO is gaining immense attention as a promising sustainable feedstock for biodiesel
as it has a rather low commercial price [2]. WCO refers to the processed or produced
grease from non-food raw materials such as unqualified poultry or livestock and kitchen
wastes [7]. It is also normally found in food processing industries such as from fast
foods chains, restaurants, or within households [8]. WCO as energy sources for biodiesel
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production can promote development of new energy industry; reduce food disposal, safety
and pollution problems, as it is simply disposed everywhere into the environment [7].
In particular, waste palm cooking oil (WPCO) utilized in lipase catalyzed process will
prevent the direct use of edible oils to produce biodiesel, thus lowering the cost of biodiesel
production [9]. Palm oil biodiesel has also been implemented widely as an alternative
fuel as it resembles the properties of regular diesel [10,11]. In addition, palm oil has more
efficiency to produce biofuel as feedstock as compared to other vegetable oils as it has a
similar chain length similar to fossil oil [12].

WPCO, vegetable oils and animals fats can be used to produce biodiesel via the
transesterification process in the presence of a catalyst [8]. The transesterification process is
the method that is commonly employed for biodiesel production from WCO [13]. Samanta
and Sahoo [12] concluded that triglycerides present in WCO were esterified through the
transesterification process to produce fatty acid methyl esters (FAME) or biodiesel using a
base catalyst. Meanwhile, immobilized lipase from Candida rugosa was used in this study
to serve as an environmentally friendly catalyst approach.

Microbial lipase which is obtained from Candida rugosa is shown to have a good
transesterification and hydrolysis activity [14]. According to Binhayeeding et al. [15],
immobilized lipase was used to overcome the free enzyme limitations which can further
facilitate the biodiesel production process. Lipase is able to convert free fatty acids (FFA)
into fatty acid ethyl esters (FAEE) or FAME depending on the addition of methanol or
ethanol in the transesterification reactions of WPCO [16]. The study by Abdulla and
Ravindra [17] used ethanol for the source of alcohol as it can be produced from biomass
and is less toxic as compared to methanol. Replacement of methanol using ethanol is also
considered interesting as it is safe, easy to handle and can be obtained from renewable
sources [18]. Enzyme catalyzed biodiesel production has also received more attention
due to its benefits, such as low energy consumption, mild operating conditions, non-
toxicity, and environmental friendly processes as compared with the chemical catalyzed
methods [19]. Immobilized lipase also could be recovered and reused repeatedly. The
study by Marin-Suarez et al. [20] found out that immobilized lipase, Novozyme 435, which
was used in the transesterification process of waste fish o0il can be used for 10 consecutive
cycles. Uniformity of conversions and ease of control can also be derived by immobilizing
the enzymes [21].

Thus, this study provides new insights for further development of biodiesel by pro-
ducing FAEE instead of FAME from WPCO using immobilized lipase. However, biodiesel
production from WPCO still requires in-depth investigation and an optimization process
to develop sustainable fuels [22]. Uncertainty of the operating parameters should be
addressed by carrying out an optimization process to achieve maximum yield of FAEE.
Therefore, this study aims to optimize the biodiesel production from WPCO using immo-
bilized enzyme lipase. The effect of six significant parameters; ethanol to oil molar ratio,
temperature, enzyme loading, stirrer speed, time and addition of water into WPCO were
investigated to achieve maximum biodiesel yield. The potential of WPCOs in biodiesel
production was investigated in order to provide a potentially valuable development of
biodiesel using cooking oil waste.

2. Materials and Methods
2.1. WPCO

WPCO was obtained from the cafeteria of Faculty of Science and Natural Resources
(FSSA) in the University of Malaysia Sabah (UMS). The collected WPCO was filtered to
remove inorganic and food residues [23]. The oil was heated at 105 °C to 110 °C to remove
water out of the oil [24]. The WPCO was further blended together using a homogenizer to
form a homogeneous batch [25].
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2.2. Optimization of Biodiesel

The experiments were done for a total of 25 times depending on its parameters,
respectively. Each of the experiments were carried out in duplicate. The error bars
presented on the graphs were based on different experimental replicas which represent
standard deviation.

The parameters and their levels selected for the study of biodiesel synthesis were
4:1 to 12:1 molar ratio of ethanol to oil, 0 g to 2 g water, 20 °C to 60 °C, 02 gto 10 g
immobilized lipase and 0 h to 32 h reaction time. A standard set of conditions were used as
the baseline parameters in the optimization studies. The baseline was set at 40 °C [26], 4:1
ethanol to oil molar ratio, 0.5 g immobilized lipase and 24 h reaction time [27]. The water
added was set at 0.5 g with a 200 rpm agitation rate. The amount of WPCO used in each
test was 5.0 g. The mixtures of WPCO, ethanol and immobilized lipase were agitated and
incubated in an orbital shaking water bath at different speed, reaction temperatures and
times. The quantity of biodiesel produced was analyzed using Gas Chromatography-Mass
Spectrometry (GC-MS).

2.2.1. Effect of Ethanol to Oil Molar Ratio

Molar ratio of ethanol to oil in the concentration range of 4:1, 6:1, 8:1, 10:1 and 12:1 was
evaluated for biodiesel production using slightly modified methods as described in Phan
et al. [28]. The ratio was changed accordingly with 24 h reaction time and 0.5 g immobilized
lipase. The lipase was first diluted in 0.5 g water, and then was added into the oil to ethanol
mixture. Next, it was placed in an orbital shaker at 200 rpm agitation rate at 40 °C. The
WPCO molar mass is considered to be 874.8 g/mol according to Felizardo et al. [29]. After
24 h, the mixture was centrifuged and analyzed using GC-MS.

2.2.2. Effect of Water Content

In order to study the effect of water present in the reaction mixture on ethanolysis, the
water content was varied from 0 g to 2 g, at constant temperature, enzyme loading and
ethanol to oil molar ratio. These parameters were chosen based on the optimum parameters.
The orbital shaker rotation was set at 200 rpm. Amount of water added were 0 g (control)
followed by 0.5 g, 1.0 g, 1.5 g and 2.0 g of water, respectively. Later, the mixture was
collected in a centrifuge tube and analyzed using GC-MS.

2.2.3. Effect of Temperature

Effect of temperature was determined as described by Leung et al. [30] with a slight
modification. The transesterification process was conducted at a temperature range of
20 °C to 60 °C. The optimum amount of ethanol determined from the above optimization
parameter for water content and oil to ethanol molar ratio, 5.0 g of WPCO and 0.5 g
immobilized lipase were added into the mixture. Then, the reaction mixture was placed
in an orbital shaker at 20 °C, 200 rpm agitation rate for 24 h. The investigation was
done at different temperatures of 30 °C, 40 °C, 50 °C and 60 °C. Finally, the mixture was
analyzed using GC-MS. The temperature which gave the highest product yield was set as
the optimum temperature, and is used to test other parameters.

2.2.4. Effect of Immobilized Lipase Loading

In this study, immobilized lipase from AYS AMANO was used. The method of Chen
et al. [31] was used to evaluate the effect of immobilized lipase loading in this study. The
amount of enzyme was varied from 0.2 g to 1.0 g. From the previous optimum temperature,
water content and oil to ethanol molar ratio obtained, 0.2 g of lipase was added and the
mixture was incubated for 24 h at 200 rpm. The steps were repeated using immobilized
lipase of 0.4 g, 0.6 g, 0.8 g and 1.0 g. The lipase which gave the most conversion of biodiesel
was set as the optimum immobilized lipase loading.
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2.2.5. Effect of Reaction Time

Reaction time was varied to produce a higher yield of biodiesel production using
the previous obtained optimum parameters at a rotation speed of 200 rpm. The first
reaction was centrifuged and stored before being analyzed because the reaction time was
set at 0 h. The method was repeated by replacing the reaction time to 8 h, 16 h, 24 h
and 32 h, respectively. The reaction mixture was then centrifuged and run through the
GC-MS. The reaction time which gave the highest yield of biodiesel was set as the optimum
reaction time.

2.3. Biodiesel Analysis by Gas Chromatography Mass Spectrometry

Three external standards, ethyl palmitate, ethyl oleate and ethyl linoleate, were pre-
pared by diluting 150 uL of the standard in a 500 mL hexane. The standards were analyzed
using the GC-MS to obtain the retention time for the peak of each standard. Internal stan-
dard (IS), ethyl heptadecanoate, was prepared in a concentration of 2.0 g/L dissolved in
hexane. Aliquots of the reaction mixture were withdrawn, and the product concentrations
were determined using GC-MS. The samples were analyzed by modifying the method
of Pazouki et al. [32]. In addition, 500 uL of FAEE sample from the transesterification
process was taken and dissolved in a solution of 9 mL HPLC grade hexane, and an internal
standard prepared earlier was injected into the GC-MS for triglycerides analysis [33]. Fur-
thermore, 1 uL of the sample was taken up by automatic syringe in GC-MS and injected
into the GC-MS column. The ethyl ester samples were inserted into GC-MS equipped with
30 mm—HP-5 MS Capillary column dimension 0.25 mm x 30 mm x 0.25 mm. Injector and
detector temperatures were set at 280 °C and 230 °C, respectively. The column temperature
was maintained at 160 °C for 2 min, and was then heated up to 300 °C, at 8 °C/min and
kept constant for 5 min. Helium gas was used as the carrier gas. The column pressure
was set at 12 psi. The total run time required for analyzing one sample of ethyl ester was
24.5 min. The fatty acid and ethyl ester were determined through peaks with retention time.
The areas of the generated peaks were determined and compared with those obtained from
the standard for FAEEs, which was ethyl palmitate, ethyl oleate and ethyl linoleate [34].
The percentage of biodiesel yield is calculated as below:

. FAEE area _ IS concentration x Solvent volume
Percentage yield = X x 100
IS area Mass of sample

3. Results
3.1. WPCO Properties

WPCO have properties different from the fresh vegetable oil. This is due to the physical
and chemical changes involving polymerization, oxidative, thermolytic and hydrolytic
reactions which happened during frying between the oil and food [35]. Various chemical
and physical changes happened to the cooking oil depending on the degree of heating [36].
WPCO also contains impurities such as high free FFA and water content, which limit
its application during the transesterification process [37]. Thus, in order to be used for
biodiesel, the oil was filtered to separate out the suspended particles and impurities in the
oil [12]. According to Linganiso et al. [38], the collected oil contains a large amount of FFA
together with excess moisture that needs to be removed by heating. Hence, properties of
WPCO samples such as the pH value, water and moisture content were studied.

The average pH value of WPCO was 5.80, which was slightly acidic. This is because
of the presence of FFA in the oil. WPCO is usually comprised of FFA, water, sterols,
phospholipids, odorants and other impurities. According to the study by Simasatitkul
et al. [39], the highest composition of FFA in WPCO is linoleic acid (53.7%), followed by
oleic acid and palmitic acid with 22.8% and 10.2%, respectively. These fatty acids were the
reasons that the WPCO is slightly acidic. Acid value is influenced by the FFA content in the
oil [36]. Based on research by Samanta and Sahoo [12], high acid value was obtained in the
WCO sample because of the appearance of FFA contents during the frying process.
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The study by Yahya et al. [36] revealed that repeated food frying caused high moisture
content in cooking oil used. This is because, during frying, steam was produced so the
more frying completed, the more steam produced, making the moisture content in cooking
oil be higher. In this study, the water content in the WPCO was 2.10%. Fuels that are
contaminated with water have certain disadvantages as they can cause engine corrosion
or react with the glycerides to produce soaps and glycerine. Heating the WPCO to a high
temperature was able to remove the water present in it. As a solution, in industrial scales,
the dewatering process is carried out by distillation under vacuum at a temperature range
of 30 °C to 40 °C. According to Felizardo et al. [29], the dewatering process is able to reduce
the water content in biodiesel from 0.21% to 0.04%.

3.2. FFA Composition of WPCO

Fatty acid (FA) can be divided into saturated or unsaturated depending on the carbon-
to-carbon bonds [40]. The FFA composition of WPCO is depicted in Table 1. The FA
composition of WPCO from each research cited was analyzed and determined using
GC-MS. The FFA content of WCO will differ and vary depending on the quality of the
feedstock [41]. Research by Ahmad and Zainal [42] and Nayak et al. [43] shows that
the highest amount of acid content in WPCO is oleic acid (55.3% and 61.2%), followed by
linoleic acid (19.7% and 23.82%). However, the highest acid content in a study by Awogbemi
et al. [40] is linoleic acid (45.5%), while, for Kadapure et al. [23], it is lauric acid (46.2%).
From the table, it can be seen that stearic and linoleic acid are both frequently occurring
acids as both acids appeared in all the WPCO samples studied. According to Krishna and
Shivaraj [41], different fatty acids will have different chemical and physical properties.

Table 1. Chemical composition of waste palm cooking oil.

Composition Waste Palm Cooking Oil (%)

Lauric acid 46.2 0.86 - 2.8
Stearic acid 2.6 2.67 1.92 2.1
Linoleic acid 1.7 23.82 19.7
Linolenic acid - - 10.2 2.9
Oleic acid 6.1 - 61.20 55.3
Myristic acid 17.1 - 0.05 0.8
Caprylic acid 9.3 0.56 - -
Capric acid 9.1 243 - -
Caproic acid 1.8 - - -
Palmitic acid 7.8 - 0.28 2.0
Palmitoeic acid - - 0.2 -
Pantane - - - 139
Erucid acid - 6.83 - -
Enanthic acid - 0.82 -

Margaric acid - - 0.03 -
Gadoleic acid - - 1.52 -
Arachidic acid - - - 0.6
References [23] [40] [43] [42]

3.3. Effect of Process Parameters on Biodiesel Yield

Characteristics and parameters of waste cooking oil used are very important as they
influence the suitability and quality of biodiesel produced [44]. The effect of each process
parameter on the biodiesel yield is discussed in detail in this section to understand how
these parameters affect the transesterification process. It is critical to determine the amount
of each operating condition to maximize the biodiesel yield.

3.3.1. Effect of Ethanol to Oil Molar Ratio

The process conditions of molar ratio of alcohol to oil are some of the most important
parameters for the transesterification process for biodiesel production. There are various
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types of alcohol used to produce biodiesel such as ethanol, methanol, butanol, pentanol,
isopropyl alcohol and propanol [45]. In this study, ethanol is used instead of methanol, as
it has lower toxicity as compared to methanol. Ethanol is less polar than methanol, so it
is more miscible with triacylglycerols. Moreover, ethanol can be produced from different
types of biomass through fermentation, which makes the process more eco-friendly [46].
Based on Figure 1, the biodiesel yield increases with the alcohol to oil molar ratio, up to a
certain value and then it decreases. The highest biodiesel yield was achieved at a 10:1 molar
ratio of ethanol to oil with about a 30% yield. At an ethanol to oil molar ratio of 4:1 and 6:1,
biodiesels produced were 1.03% and 4.97%, respectively. However, the yield increased by
10% at 8:1 molar ratio and reduced to 6.43% ratio at 12:1 ratio. From the results obtained,
the optimum molar ratio of ethanol to oil for biodiesel yield was 10:1.

30 27.02
25
<
e 20
@ 15.3
15 I
o}
&
5 10
o 6.43
2 497 _
1.03
0 _
4:1 6:1 8:1 10:1 12:1

Molar ratio of alcohol to oil
Figure 1. Effect of molar ratio of alcohol to oil on biodiesel yield (%).

Figure 2 shows the percentage of the three major ethyl esters: ethyl palmitate, ethyl
linoleate, and ethyl oleate in the biodiesel produced using the same molar ratio of ethanol
to oil as in Figure 1. The molar ratio 4:1 produced very less ethyl esters. The maximum
conversion occurred in ratio 10:1, in which 14% of ethyl oleate was produced, followed by
12.35% of ethyl palmitate and 1% ethyl linoleate. Meanwhile, the percentages of the ethyl
esters dropped greatly when the ratio was increased to 12:1. According to the figure, ethyl
oleate was the most abundant, followed by ethyl palmitate and ethyl linoleate.

The molar ratio of ethanol to oil is crucial to reduce biodiesel production cost and
optimize the biodiesel yield [8]. One of the important parameters which affects the FAEE
yield is also the molar ratio of alcohol to oil. This is mainly because the yield and viscosity
of produced ester depends on the molar ratio of alcohol to oil. Figure 1 shows the graph
of the effect of ratio of alcohol to oil on biodiesel yield. The percentage yield of biodiesel
initially increased up to a 10:1 molar ratio. However, when the ratio was increased to 12:1,
the biodiesel yield decreased by about 20%. Hanif et al. [47] reported that, to achieve a
faster reaction rate for an efficient conversion of biodiesel from WPCO, an excess amount of
ethanol should be used. This is because it can increase the rate of ethanolysis. Based on the
stoichiometric ratio, the transesterification process requires 3 moles of alcohol and 1 mol of
triglyceride in order to produce 3 moles of fatty acid alkyl esters and 1 mole of glycerol.
Excess ethanol is used to minimize the diffusion limitation. However, the transesterification
reaction is an equilibrium reaction. Hence, alcohol is used in excess in order to shift the
equilibrium of the reaction towards the desired ethyl esters.
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Figure 2. Percentage of ethyl esters (%) for the effect of molar ratio of alcohol to oil.

In this study, a molar ratio of 10:1 was found to be effective with maximum biodiesel
yield of 27.02%. A study done by Hundie and Akuma [48] also reported that the ratio
10:1 of ethanol to oil was an optimum ratio for biodiesel production. When lower ratios
such as 4:1, 6:1 and 8:1 were used, the yield of biodiesel was also lower. This is because,
at low ethanol ratios, the ethanol concentration was not sufficient enough to advance the
equilibrium reaction towards the completion of transesterification process. Therefore, the
transesterification reaction for biodiesel production was found to be highly affected by the
ethanol-to-oil ratio.

When the ethanol amount is increased, the conversion of FA to FAEE was higher,
with other parameters kept constant. However, when the ratio exceeded 10:1, the increase
of conversion was relatively slow. According to Tomasevic and Siler-Marinkovic [49],
separations are proved to be difficult, with undesirable suspension when higher ethanol
ratios were used. In this study, the yield dropped drastically when the ratio was increased
from 10:1 to 12:1. Too much alcohol also inhibits the lipase activity, hence diminishing
catalytic activity during transesterification. In addition, it takes a longer amount of time,
due to the unreacted ethanol and oil mixture suspension. A high ethanol to oil ratio means
greater medium polarity, produced by ethanol and water. This deactivates the enzyme and
hence decreases the amount of ethyl ester produced. The molar ratio has no effect on acid,
peroxide, saponification and iodine value of methyl esters. These properties of the ester
depend on the kind of oil (refined, crude, used frying oil) used for the transesterification
reaction. In addition, the reaction of ethanol to triglyceride does not influence changes in
the FA composition of obtained esters [49].

3.3.2. Effect of Water Content

The effect of water content on biodiesel yield can be seen in Figure 3. The biodiesel
yield was the lowest when no water was added. However, 0.5 g of water did not show
much improvement either for the biodiesel yield as it only increases the yield to 6%. From
the figure, the highest yield was achieved when 1.0 g of water was added with a 30.18%
biodiesel yield. When the water content was increased to 1.5 g and 2.0 g, the percentage of
biodiesel dropped to 8.13% and 4.35%, respectively. Thus, the optimum water content for
the transesterification process was 1.0 g.
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Figure 3. Effect of water content (g) on biodiesel yield (%).

Figure 4 shows the percentage of ethyl palmitate, ethyl linoleate, and ethyl oleate in
the biodiesel produced due to the addition of water. All ethyl ester produced was lower
in percentage when no water was added. However, at 0.5 g of water, the percentage of
ethyl palmitate increased to almost 6%. The other two ethyl esters almost maintained the
same as with no addition of water. The highest percentage of ethyl esters was at 1.0 g of
water, which produced 12.51% of ethyl palmitate, 11.45% ethyl palmitate and 6.24% ethyl
oleate. As the water content increased to 1.5 g and 2.0 g, the percentage of ethyl esters in
the biodiesel dropped.

14

[
N

[y
o

00

M Ethyl palmitate

M Ethyl linoleate

W Ethyl oleate

Percentage of ethyl esters (%)

0 0.5 1 1.5 2

Water content (g)

Figure 4. Percentage of ethyl esters (%) for the effect of water content (g).

Water plays a major role in the transesterification, especially when lipase catalyzed
reaction is performed. It plays multiple roles, and it has strong influence on the catalytic
activity and stability of the lipase [50]. From Figure 3, the optimum amount of water needed
for transesterification is 1.0 g. Any amount below or above 1.0 g reduces the biodiesel yield.
All starting materials including the WPCO, ethanol and lipase should be substantially
anhydrous. Generally, less than a mono-layer of water is required for an enzyme to show
biological activity [27]. A certain volume of water is required to keep the enzyme active in
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organic solvents. The water might also take part in the transesterification, thus influencing
the equilibrium. The activity of lipase depends on interfacial area due to its feature where
it acts between an aqueous and an organic phase. Hence, the presence of water helps to
increase the available interfacial area, to maintain the lipase activity.

In this study, the lipase used is from Candida rugosa. Tan et al. [51] reported that the
optimum water amount required for Candida sp. to maintain the highest transesterification
activity was 10% to 20% based on the oil weight. This supports the result obtained, where
1.0 g of water was the optimum water content, as 1.0 g is about 20% of the oil weight.
However, too much water could make the lipase more flexible, which results in other
side reactions which include hydrolysis, especially in the transesterification process. In
addition, water can promote hydrolysis of ester to form FFA, which intensely reduces the
biodiesel yield. When the water content exceeded 1.0 g, the yield reduced by more than
20%. The amount of water required is influenced by the type of feedstock and lipase, the
immobilized support and the organic solvent used [52]. As the water level increased, the
enzyme flexibility and expressed activity also increased. After an optimum level of water,
hydrolytic reactions become more significant, and the transesterification yield was expected
to decrease.

3.3.3. Effect of Temperature

The effect of reaction temperature on the biodiesel yield was studied by varying the
temperature in the range from 30 °C to 70 °C. From Figure 5, a reaction temperature of
30 °C gave quite a high yield of biodiesel, which is almost 30%. However, the highest
biodiesel yield was produced at 40 °C with 42.33%. When the temperature exceeded 40 °C,
the biodiesel yield reduces. At 50 °C, the biodiesel yield has decreased drastically to 3.28%.
Almost no conversion occurred at 70 °C with only about 1.01% biodiesel yield. Thus, the
optimum temperature for the transesterification process for this study is 40 °C. Based on
the study by Chen et al. [53], the optimum temperature for transesterification of WCO was
40 °C.

45 4233

W
Q1

29.8 30.38

o

o

Biodiesel yield (%)
= NN W
a o1

—_
Q1 O

3.28
1.01
7 ——

30 40 50 60 70
Temperature (°C)

Figure 5. Effect of temperature (°C) on biodiesel yield (%).

The percentage of ethyl esters in biodiesel based on the parameter of reaction tempera-
ture is shown in Figure 6. At a temperature of 30 °C until 70 °C, the highest percentage
of ethyl esters obtained was ethyl oleate followed by ethyl palmitate and ethyl linoleate.
From the figure, the highest conversion was at 40 °C, in which 18.58% ethyl oleate, 16.93%
ethyl palmitate and 6.82% ethyl linoleate were produced. At a temperature above 50 °C,
the percentage of each ethyl esters dropped drastically to below 2%
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Figure 6. Percentage of ethyl esters (%) for the effect of temperature (°C).

In this study, the temperature was varied from 30 °C to 70 °C, with a fixed 10:1 molar
ratio of ethanol to oil and 1.0 g water content. The reaction increased at the beginning;
however, at a temperature above 40 °C, the yield was decreased due to slightly deactivated
lipase. At a temperature of 70 °C, almost no biodiesel was produced. This is due to
its high temperature, which is close to the boiling point of ethanol, which is 78.37 °C.
Hence, the elevation of temperature may result in evaporation of the ethanol. Increase in
reaction temperature decreases the biodiesel synthesis by evaporating the alcohol [13]. The
evaporation of the alcohol transesterification due to a reaction temperature greater than the
alcohol’s boiling point lowered the oil-alcohol contact duration as its availability decreased,
thus reducing the total biodiesel output [54].

Temperature is a crucial parameter for the esterification process as extended heating
can reverse the process [23]. The transesterification process can occur at different tem-
peratures, influenced by the properties of oils. The effect of temperature on the material
balance responses is the same as for the lipase concentration. The FAEE weight and molar
yield reduce with temperature because of the increase of triglyceride saponification and
the subsequent dissolution of ethyl ester into glycerol [55].

In this study, the lipase activity increased with temperature, until a specific temper-
ature as extreme temperatures would inhibit the activity of lipase. From 30 °C to 40 °C,
the temperature was elevated making the possibility of collision between the lipase and
substrate molecules increase. This helps the formation of enzyme substrate complexes
which caused the reaction to increase. An increase in temperature enhances the reaction rate
and thus shortens the time to complete the transesterification reaction [56]. Hence, more
than 10% of conversion occurred at 30 °C to 40 °C. However, there was a slight reduction
in the conversion at temperature above 40 °C. Certain enzymes are partially deactivated at
60 °C by ethanol within the first 24 h while others were not affected during such a short
reaction time.

3.3.4. Effect of Lipase Loading

From Figure 7, it is clear that the biodiesel yield increased proportionally with the
amount of lipase until optimum lipase loading 0.8 g was reached, giving an optimum yield
of 80.72%. When 0.2 g of lipase is added, 7.96% of biodiesel was produced. Meanwhile,
10.00% and 32.03% of biodiesel were produced, respectively, when 0.4 g and 0.6 g of lipase
were added. However, when the lipase amount was increased to 1.2 g, the biodiesel
percentage slightly reduced to 71.73%. Thus, 0.8 g of lipase was the optimum amount
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of lipase required for the transesterification process. This result is similar to Ali et al. [9],
in which the optimal conditions for biodiesel production achieved up to 86% yield using
0.782 g lipase with a temperature of 44.2 °C.

70 80,72

80 71.73

32.03
7.96 9.98
0.4 0.8 1.0

0.2 0.6
Lipase loading (g)

Biodiesel yield (%)
= N W s g O
(@] (e} o (@] [ew] [ew] (@]

o

Figure 7. Effect of lipase loading (g) on biodiesel yield (%).

The percentage of ethyl esters in biodiesel based on the parameter of lipase loading is
shown in Figure 8. When 0.2 g of lipase was added, the maximum percentage of ethyl ester
produced was ethyl oleate, which is about 5%, followed by ethyl palmitate, and almost
no ethyl linoleate was produced. The total percentage of ethyl esters when 0.4 g of lipase
used was almost the same as 0.2 g. However, the percentage of ethyl palmitate increased
during the transesterification with 0.6 g lipase to 17.14% while the other two ethyl esters
increased slightly. Ethyl oleate was found to be the highest when 0.8 g lipase was used,
where it reached up to almost 50%, while ethyl palmitate reached 32.82%. However, the
ethyl linoleate reduced to 1.66%. Both ethyl palmitate and linoleate increased when the
lipase amount was increased to 1.0 g. However, the percentage of ethyl oleate dropped
about 20%, which caused the biodiesel yield to decrease.

60
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Figure 8. Percentage of ethyl esters (%) for the effect of lipase loading (g).
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Enzymes are an alternative to chemical catalysts for the synthesis of biodiesel. For
instance, enzyme lipases are known to catalyze esterification, hydolysis and transesterifi-
cation reactions [57]. FAEE yield is greatly affected by the amount of enzyme lipase. The
greater the concentration of lipase, the higher the reaction yield [25]. In this study, enzyme
concentration had a positive effect, producing a higher yield when a greater quantity of
enzyme was used. However, when 0.2 g and 0.4 g lipase were used, the yield was sig-
nificantly lower. The best results were obtained with 0.8 g, followed by 1.0 g of lipase,
which gives 80.72% and 71.73% conversions, respectively. When the lipase amount was
increased from 0.8 g to 1.0 g, the yield decreased about 10%. This could be due to the
increase in the viscosity which causes a reduction in the rate of reaction up to a point where
even additional amounts of enzymes did not help. The amount of lipase has an overall
positive effect on the purity of the biodiesel. The content of ester in the FAEE increases
with the variable. According to Bautista et al. [55], the quadratic effect of this factor has a
significant negative influence on the FAEE purity. However, its absolute value is smaller
than its corresponding main effect. Hence, the increase in the lipase concentration does not
produce a constant rise in the FAEE purity because of the previously mentioned significant
curvature effect. The curvature effect is present at high values of this variable. At this stage,
the FAEE purity achieves maximum values and the influence of catalyst concentration is
no longer significant. Conversely, initial catalyst concentration has a negative influence
on the FAEE weight and molar yields. However, it has an obviously positive influence on
the yield losses due to triglyceride saponification and ethyl ester dissolution in glycerol.
Both yield losses follow a similar negative tendency, although the influence on the yield
loss due to ethyl ester dissolution in glycerol is more significant. As a result, the FAEE
yield decreases.

3.3.5. Effect of Reaction Time

As shown in Figure 9, the biodiesel yield increases as the reaction time increases from 8 h
to 32 h, the latter being the optimum reaction time. Biodiesel yield produced at a reaction time
of 8 h, 16 h and 24 h were 17.15%, 47.14% and 78.59%, respectively. In this study, the optimum
reaction time for transesterification process of WPCO was 32 h with a 85.72% yield.

100
90 85,72
78.59 I
80
e 70
o
T 47.14
) .
5 % Z
S 40
o}
2 30
m
" 17.15
10 0.44
O —_—
0 8 16 24 32

Time (hours)

Figure 9. Effect of time (hours) on biodiesel yield (%).

The effect of time on percentage of ethyl esters in biodiesel is shown in Figure 10. From
the figure, it can be seen that the percentage of ethyl palmitate increases as the reaction
time increases. Meanwhile, the ethyl linoleate percentage was below 15% for all reaction
times. The percentage of ethyl oleate kept increasing until 24 h and then it dropped about
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5% when the reaction time was increased to 32 h. The decrease in percentage of ethyl oleate
was, however, replaced by the increase in percentage of ethyl linoleate and ethyl palmitate.

60

50 l

40

30 M Ethyl palmitate
M Ethyl linoleate

1
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| I t 7
0 |
8 16 24 32

Time (hours)

Percentage of ethyl esters (%)

o

Figure 10. Percentage of ethyl esters (%) for the effect of time (hours).

The reaction time also plays a role in the rate of production of biodiesel. The biodiesel
produced will increase as the reaction time increases [13]. This is supported by the study
done by Akhtar et al. [58], in which, at a shorter reaction time, the reactants still did not
reach the equilibrium stage, causing the conversion of triglycerides into biodiesel to be
incomplete. This is due to the increase in mixing and dispersion of ethanol in oil phase
with reaction time. Research by Leung and Guo [30] reported that sufficient time should be
provided in the transesterification process of used frying oil. This is because excess reaction
time does not increase the conversion but favors the backward reaction by hydrolysis of
esters, which results in a reduction of product yield. Bharathiraja et al. [59] also reported
that a reaction time above 24 h was required for a maximum biodiesel yield. In a study of
transesterification of waste cooking palm oil, Al-Widyan and Al-Shyoukh [60] noticed that
product specific gravity changes with reaction time in a roughly exponential trend. Hence,
it was observed that higher reaction time enhances the conversion of triglycerides to FAEE
during a transesterification reaction at a given temperature.

3.4. Ethyl Ester Produced from Transesterification

Biodiesel is composed of mono-alkyl esters of long-chain FA made by esterification
of FFA with alcohols or through transesterification of oils [41]. Figure 11 shows the chro-
matogram of the maximum percentage of biodiesel yield in this study. The optimum
parameters include 10:1 molar ratio of ethanol to oil, 1.0 g of water addition, 40 °C reaction
temperature, 0.8 g lipase loading and 32 h reaction time. The three main peaks formed
at retention times 8.6, 10.5 and 10.6 were ethyl palmitate, ethyl linoleate and ethyl oleate,
respectively. Both ethyl palmitate and ethyl oleate had high peaks. Meanwhile, the peak
for ethyl linoleate was found to be shorter than the two other peaks. The three main ethyl
esters produced are ethyl palmitate, ethyl linoleate and ethyl oleate. The FA is converted
into ethyl ester by the transesterification. They are converted into ethyl linoleate, ethyl
oleate and ethyl palmitate, respectively. In the presence of high temperature and water,
transesterification leads to hydrolysis of triglycerides, which increases the FFA content in
oil [57]. According to the results obtained, the most abundant ethyl ester produced was
ethyl oleate, followed by ethyl palmitate and lastly ethyl linoleate. Ethyl linoleate was
produced at a very low percentage. The ethyl esters were produced by transesterification of
the triglycerides in WPCO. The products of this reaction were FAEE, or known as biodiesel
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and glycerol. Biodiesel is made from a reaction between alcohol and triglyceride, in which
triglyceride is found primarily in plants and animals [13]. The major component of the
WPCO is triacylglycerols or triglycerides, which consist of three long chain FA esterified
to a glycerol backbone. The reaction between triacylglycerols with ethanol results in the
three FA chains being released from the glycerol skeleton and combining with the alcohol
to yield fatty acid alkyl esters and glycerol as the by product. In this study, the fatty acid
alkyl ester produced was FAEE.
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Figure 11. Biodiesel yield chromatogram from GC-MS analysis.

3.5. Biodiesel Optimization

With the formation of biodiesel from transesterification, the reaction mixture was
separated into two immiscible phases: a biodiesel phase and an ethanol phase containing
lipase. The biodiesel layer was analysed for FAEE. At optimum operating parameters
of 10:1 ethanol to oil molar ratio, 1.0 g of water addition, 40 °C reaction temperature,
0.8 g lipase loading and 32 h reaction time, the maximum biodiesel yield obtained was
85.72%. The biodiesel yield in this study could not reach up to 100%. This could be
because the WPCO contains water and is low in FFA. Due to water contamination and
low value of FFA, the conversion could not be completed. The sums of ethyl esters of in
each biodiesel sample were not 100 wt.% because some unrecognized peaks, found in the
biodiesel chromatograms, prevented all the fatty acids from being identified [61]. Table 2
shows the comparison of optimum biodiesel yield obtained in this study with the findings
reported by other researchers. The differences in the biodiesel yield could be due to the
type of lipase and feedstock used as well as its immobilization techniques employed.

Table 2. Comparisons of biodiesel yield (FAEE) obtained in this study and with other related works.

Optimum Reaction Optimum Biodiesel Yield

Feedstock Conditions (FAEE) (%) References
10:1 ethanol to oil ratio,
St losolwaenaote
40°C
10:1 ethanol to oil ratio, 1 g
Jatropha curcas L. oil water, 5.25 g immobilized 100 [17]

lipase, 6 g RCF, 24 h and
35°C
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Table 2. Cont.

Optimum Reaction Optimum Biodiesel Yield
Feedstock Conditions (FAEE) (%) References
10:1 ethanol-to-oil ratio, 5%
L magnesium oxide
Prosopis j u.l ifera seed concentration, 1000 rpm 94.83 [48]
oil . .
agitation rate, 80 min and
45°C
12.9:1 ethanol to oil ratio,
. . 1.62 wt% catalyst
Waste cooking oil concentration and 200 rpm 89.75 [62]
of stirring speed
Residual oil palm 18:1 ethanol to oil ratio,
from babassu 0.14 g of Novozym® 435, 96.8 [63]
(Orbignya sp.) 4hand 48 °C
12:1 ethanol to oil ratio,
Waste cooking oil 4 wt% catalyst dosage, 3 h 96.14 [64]

of UV irradiation, 3 h of
reaction time and 35 °C

4. Conclusions

The world’s energy needs that are supplied from fossil fuels, such as petroleum, coal
and natural gas, will eventually be exhausted in the future. Hence, an effort has been taken
to overcome this problem of depletion by using sustainable biofuels. This study was carried
out to determine the optimum parameters required to produce maximum biodiesel from
WPCO. Results obtained revealed that operating parameters of 10:1 molar ratio of ethanol
to oil, 1 g water, temperature of 40 °C, 0.8 g immobilized lipase and 32 h reaction time are
the optimum conditions for biodiesel production. The improvement in the optimization of
the parameters gave a maximum yield of 85.72%. In short, this work concludes that WPCO
has the potential to be developed as a feedstock for producing biodiesel commercially
using environmentally friendly immobilized lipase. By employing WPCO together with
immobilized lipase, the production cost of biodiesel can be reduced, and it also solves the
disposal problems associated with used cooking oil. In the near future, WPCO will be
more likely to play a larger part in biodiesel manufacturing than other raw materials due
to its availability and lower costs. This research is also in line with the “waste to wealth
approach” on production of sustainable biofuels like biodiesel.
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Nomenclature

WPCO  Waste palm cooking oil

WCO  Waste cooking oil

FAME  Fatty acid methyl esters

FAEE Fatty acid ethyl esters

FFA Free fatty acids

FA Fatty acid

IS Internal standard

GCMS  Gas chromatography mass spectrometry
HPLC  High performance liquid chromatography
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