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Abstract

Background: It is becoming imperative to develop renewable fuels such as biodiesel which are sustainable and
environmentally friendly. Exploiting non-edible oils is more necessary to reduce dependency of edible oils for bio-
diesel production. The current study investigated biodiesel production from non-edible Salvadora persica seed oil
(SPSO) and crude coconut oil (CCO) by Burkholderia cepacia lipase acting as a biocatalyst in a solvent-free system. The
biodiesel yield produced from these feedstocks was compared and the effect of ethanol (acyl acceptor) vs. SPSO and
CCO in various ratios on biodiesel production was determined.

Results: The presence of medium-chain fatty acids in majority was confirmed for SPSO and CCO while the aver-

age molecular weight was calculated as 749.53 g/mol and 664.57 g/mol, respectively. Thin Layer Chromatography
indicated ethyl esters in the produced Salvadora and coconut biodiesel samples. Maximum biodiesel yield (around
70%) was obtained at 1:4 oil-to-ethanol molar ratio from both oils followed by a decline at higher ratios. The gas chro-
matographic analysis of Salvadora biodiesel at 1:4 molar ratio showed that the yield of individual esters was mostly

of medium- and long-chain fatty acids. The analysis of coconut biodiesel at 1:4 molar ratio revealed that it consists
mainly of the esters of medium-chain fatty acids. A comparison of estimated properties of biodiesel from both the
parent oils with the international standard showed that it meets most of the requirements.

Conclusion: The study paves the way for a green route for biodiesel production and would promote the use of
non-edible vegetable oils over edible ones to produce biodiesel. Further, it is a right step to use lipases in biodiesel

production as compared to chemical catalysts. Ethanol, which can also be produced from biomass fermentation, can

be used as acyl acceptor to produce biodiesel and this makes the process eco-friendly. Moreover, Burkholderia cepacia
lipase is a good choice among lipases to get high biodiesel yields successfully from SPSO and CCO at low oil-to-etha-
nol molar ratios.
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Introduction

The current world is in a dilemma as the demand of
diminishing reserves of fossil fuels is rising in all sec-
tors of life including industrial processes, power gen-
eration, and transport. The increasing demand of fossil
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and indicate if changes were made.

fuels is heightening the environmental concerns such as
increasing CO, and greenhouse gas emissions and global
warming (Talebian-Kiakalaieh et al. 2013). Moreover, the
prices of fossil fuels are undergoing fluctuations. Given
these concerns, it is imperative to develop renewable
fuels which are sustainable and environmentally friendly
in the future (Sharma and Kar 2015).

One of the alternate and renewable fuel is biodiesel
consisting of fatty acid alkyl esters and produced by
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transesterification reaction of plant oils or animal fats
(Saifuddin et al. 2016). The biofuel is being used as an
alternative to petroleum-based diesel fuel (Sebastian
et al. 2016). Biodiesel is usually produced from edible
vegetable oil which is problematic as it raises the food vs.
fuel crisis. Exploiting non-edible oils is one of the solu-
tions to reduce dependency of edible oils for biodiesel
production. The non-edible oils are available in many
regions of the world especially wastelands and they can
be utilized to eliminate competition with food (Atabani
et al. 2012).

Salvadora persica is popularly known as miswak, a
teeth-cleaning twig which is made from the tree (Kumar
et al. 2012). The plant species belongs to the family Salva-
doraceae (Khan and Qaiser 2006). The seeds of S. persica
contain 40—45% oil which consists mainly of lauric (20%)
and myristic acids (55%) which can be classified among
saturated medium-chain fatty acids. Long-chain fatty
acids are found in minor quantities such as palmitic acid
(20%) and oleic acid (5%). The oil is non-edible as it con-
tains substituted dibenzyl urea (Reddy et al. 2008; Gun-
stone et al. 2007; Mariod et al. 2009) and is also known as
Pilu oil (Kumar et al. 2012). Previously, it was shown that
the plant species Salvadora persica has the potential to
become an oilseed crop because of the fact that it can be
cultivated even in saline and alkaline soils being a faculta-
tive halophyte (Reddy et al. 2008).

The coconut tree (Cocos nucifera) is among the most
useful and beautiful trees in the tropics. The coconut oil
is the dominant product of the coconut (Pham 2016). The
oil is broadly used for food and industrial purpose and is
rich in saturated fatty acids with low molecular weight
(Marina et al. 2009; Shahidi 2006). However, it comes in
several types. Among them crude coconut oil is the basic
oil processed from copra (dried coconut meat) and is
unsuitable for consumption. Further, high-quality copra
contains about 65 to 72% oil (Bureau 2007). Crude coco-
nut oil consists of the majority of triacylglycerols (95%)
(Rahman 2000). The oil is rich in saturated medium-
chain fatty acids like caprylic (6.9-9.4%), capric acid
(6.2-7.8%), lauric acid (45.9-50.3%), and myristic acid
(16.8—19.2%), whereas long-chain fatty acids are found in
smaller amounts such as palmitic acid (7.7-9.7%), oleic
acid (5.4-7.4%), and linoleic acid (1.3-2.1%) (Rossell
et al. 1985).

Medium-chain fatty acid methyl/ethyl esters of biodiesel
are superior to long-chain fatty acid methyl/ethyl esters in
most critical parameters (Chen et al. 2012). Thus, we pro-
pose here that both Salvadora persica seed oil and crude
coconut oil are novel, valuable and potential bioresources
to produce biodiesel. The biofuel produced from trans-
esterification by lipase catalyst is preferred over chemi-
cal catalyst due to several advantages. Among the choice
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of lipases, Burkholderia cepacia lipase showed capable
results (Jegannathan et al. 2010; Souza et al. 2016). Etha-
nol is selected as acyl acceptor over methanol as it can be
regenerated from biomass and is less toxic (Abdulla and
Ravindra 2013). Therefore, the main aim of this study was
to compare the yield of biodiesel produced from non-edible
Salvadora persica seed oil (SPSO) and crude coconut oil
(CCO) by Burkholderia cepacia lipase in a solvent-free sys-
tem as well as to determine the effect of various molar ratio
of ethanol vs. SPSO and CCO on biodiesel production.

Materials and methods

Chemicals and reagents

Salvadora persica root oil, SPSO, and CCO were
acquired from a local market in Saddar, Karachi. Bio-
catalyst Amano Lipase PS (30,000 U/g) of Burkholderia
cepacia was acquired from Sigma Aldrich and kept at an
optimum temperature of 50 °C and pH 7.0, respectively.
Molecular sieves (4 A, powder, activated, and -325 mesh
particle size and 25 g quantity) were also purchased from
Sigma Aldrich.

Gas chromatographic analysis of the oil feedstock

and average molecular weight determination

Analysis of Salvadora persica root oil, SPSO, and CCO
was conducted through gas chromatography to deter-
mine their fatty acid composition. From the results, the
average molecular weights of SPSO and CCO were calcu-
lated using the following equations:

MW; = 14.027C — 2.016d + 31.9988, (1)
where MW is the molecular weight of a single fatty acid

o1 ¢

i, ‘C’ is the number of carbon atoms and ‘d’ is the number
of double bonds.

Average molecular weight of fatty acids
2
= DSl 3 (fMwi), @

where ‘f; is the weight fraction of a reported fatty acid.

Average Molecular weight (MW)
= 3 x Average molecular weight of fatty acids
+38.049, 3)

where 38.049 is the weight of glycerol backbone (Shrestha
and Gerpen 2010).

Rounds and batches of biodiesel production

The transesterification reactions were carried out using
SPSO and ethanol in different ratios under conditions of
50 °C temperature and pH 7.0 as to find the best one that
gives the highest yield. In the next round, CCO was used,
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and it was reacted with ethanol in different ratios under
the same conditions. Both rounds employed the same
enzyme. The oils were used without any pre-treatment.

Biodiesel production and purification for each batch

0.5 g of molecular sieves was added in a screw-capped
test tube to remove all water molecules that would
form during transesterification. Oil (5.0 g) was taken
and mixed with ethanol in 1:4, 1:6, 1:8, 1:10, and 1:12
ratios. Then 50 mg of lipase in free form (1500 U activ-
ity) was added to the reaction mixture. After adding
the enzyme, the mixture was placed in a shaking water
bath. The maximum time for the reaction was 48 h and
the temperature was fixed at 50 °C. After completion of
the reaction, the mixture was centrifuged at 5000 rpm
for 5 min to separate biocatalyst, molecular sieves, and
glycerol from the produced biodiesel (in this case fatty
acid ethyl esters). The supernatant was then transferred
into a separating funnel in which equal volumes of dis-
tilled water were added. The funnel was closed and then
shaken by inverting it many times for separation of the
phases. The organic phase, which consisted of fatty acid
ethyl esters (biodiesel), was transferred to a container.

Thin layer chromatographic analysis of the produced
biodiesel

For checking the presence of fatty acid ethyl esters,
Thin Layer Chromatography (TLC) of the biodiesel
samples was performed using Merck SG-60 chroma-
toplates as stationary phase and a mixture of toluene,
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chloroform, and acetone (7:2:1 v/v/v) as the mobile
phase (Fontana et al. 2009). Iodine vapors (after placing
5-6 iodine chips in a jar and heating in an oven) were
then applied to the plate as a stain for visualization.
Images of the stained plates were taken with a camera.

Gas chromatographic analysis of the produced biodiesel
The biodiesel samples were analyzed by gas chromatog-
raphy to determine the percentage yield for finding the
effect of oil-to-ethanol ratio on biodiesel production and
comparing the yield of Salvadora biodiesel and coconut
biodiesel.

Estimation of biodiesel properties and comparison

with standard

The properties of Salvadora biodiesel and coconut bio-
diesel based on fatty acid profiles of SPSO and CCO,
respectively, were estimated using BiodieselAnalyzer®©
Version 2.2 (available on “http://www.brteam.ir/biodi
eselanalyzer”) (Talebi et al. 2014) and then compared
with ASTM standard of biodiesel (Carvalho et al. 2017).

Results

Fatty acid profile of Salvadora persica root oil, SPSO,

and CCO

With the idea of determining the fatty acid composition
of the three oils, fatty acid profile was carried out and the
results confirmed the presence of medium-chain fatty
acids in majority for the oils that were used for biodiesel
production. This is illustrated in Table 1. In case of SPSO,
lauric acid and myristic acid made up to 53.88% of fatty
acid composition. Thus, SPSO was used as a feedstock for

Table 1 Fatty acid profile of Salvadora persica oils and CCO (%)

S.no Fatty acids Carbon chain Retention time Salvadora persica  Salvadora persica  Crude coconut
seed oil root oil oil (Cocos
nucifera)

1 Caprylic acid 08:0 74 Nd Nd 535

2 Capric acid 10:.0 9.9 Nd Nd 7.64

3 Lauric acid 12:0 11.9 20.53 14.75 4445

4 Myristic acid 14:0 13.7 3335 1847 19.45

5 Palmitic acid 16:0 154 27.57 35.58 10.65

6 Oleic acid 18:1 17.0 9.54 16.59 743

7 Linoleic acid 18:2 17.3 Nd 1.58 0.86

8 Arachidic acid 20:0 18.3 0.57 0.45 0.24

9 Gadolic acid 20:1 184 4.15 0.97 Nd

10 Behenic acid 22:0 20.0 0.67 1.45 Nd

11 Lignoceric acid 240 2238 0.24 0.69 Nd
Unidentified 3.38 947 393

nd not detected

Gas chromatographic analysis of the oil feedstock: SPSO, Salvadora persica root oil, and CCO. The data are shown as fatty acid methyl ester composition of selected oil

samples (%); nd means that specific fatty acid was not detected
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biodiesel production. In contrast, Salvadora persica root
oil had palmitic acid, a long-chain fatty acid in majority
(35.58%). Thus, it was not selected for biodiesel produc-
tion. The CCO had lauric acid, a medium-chain fatty acid
in majority (44.45%). Other medium-chain fatty acids
detected were caprylic acid (5.35%), capric acid (7.64%),
and myristic acid (19.45%) while the total composition
of medium-chain fatty acids ranged up to 76.89%. There-
fore, CCO was also used in transesterification reactions
to produce biodiesel.

Determination of average molecular weight of oils

The average molecular weight of SPSO was calculated
as 749.53 g/mol while that of CCO was determined as
664.57 g/mol using the respective fatty acid profile and
the above equations.

TLC analysis of Salvadora and coconut biodiesel samples
TLC analysis of Salvadora biodiesel samples produced
from all batches of SPSO (except for lane 1) showed simi-
lar patches which indicates fatty acid ethyl esters were
present. In lane 1 (1:4 oil-to-ethanol molar ratio), mixed
patches of oil and fatty acid ethyl esters were obtained.
TLC analysis of coconut biodiesel samples produced
from all batches of CCO showed similar and light patches
obtained which is indicative of the fatty acid ethyl esters
produced.
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Effect of oil-to-ethanol molar ratio on biodiesel production
It was observed by gas chromatographic analysis that
esterification of fatty acids is affected by oil-to-ethanol
molar ratio as shown in Fig. 1. As the molar ratio was
increased, a decline in the yield of fatty acid ethyl esters
was detected. The maximum yield of 72% Salvadora bio-
diesel was obtained in 1:4 SPSO-to-ethanol molar ratio.
The lowest values were obtained in 1:10 and 1:12 molar
ratio (16%). The maximum yield of 70% coconut biodiesel
was attained in 1:4 CCO-to-ethanol molar ratio. The low-
est value was attained in 1:12 ratio (14%). Other param-
eters such as temperature, lipase concentration, and
incubation period were not altered during experiments
with both oils.

A comparison of yield of Salvadora biodiesel and coconut
biodiesel

The gas chromatographic analysis of the Salvadora bio-
diesel yield obtained from the most productive ratio
(1:4 SPSO-to-ethanol molar ratio) showed that the per-
cent yield of the individual esters was mainly of medium
and long fatty acids viz. ethyl laurate, ethyl myristate,
ethyl palmitate, and ethyl oleate (Fig. 2). Thus, Salva-
dora biodiesel consisted mainly of the esters of medium-
and long-chain fatty acids. In contrast, it was observed
by gas chromatographic analysis of coconut biodiesel
yield attained from the most productive ratio (1:4
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Fig. 1 Effect of oil-to-ethanol molar ratio on biodiesel production. Salvadora and coconut biodiesel samples were analyzed through gas
chromatography to determine the oil-to-ethanol molar ratio on biodiesel production. A similar yet declining trend in percent yield was observed
in both cases as the molar ratio was increased. In case of Salvadora biodiesel, maximum yield of 72% was attained in 1:4 SPSO-to-ethanol ratio. The
lowest yield (16%) was attained in 1:10 and 1:12 molar ratios. For coconut biodiesel, maximum yield (70%) was also obtained in 1:4 CCO-to-ethanol
ratio. At 1:12 molar ratio, the lowest yield of 14% was recorded. Therefore, oil-to-ethanol molar ratio was a critical factor in biodiesel yield. The graph
was plotted in Microsoft Excel version 365 Pro Plus. Experiments were performed in duplicate
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Fig. 2 Percent yield of fatty acid ethyl esters at 1:4 SPSO-to-ethanol molar ratio. Salvadora biodiesel obtained from the most productive
SPSO-to-ethanol molar ratio (1:4) was analyzed through gas chromatography to find out the composition of major ethyl esters in the biodiesel yield.
Ethyl laurate was found in the lowest quantity (6%) followed by the highest percentages of ethyl myristate and ethyl palmitate (19% each). The
quantity of ethyl oleate ranged up to 16%. Therefore, mostly esters of medium- and long-chain fatty acids were found in Salvadora biodiesel at 1:4
molar ratio. The graph was plotted in Microsoft Excel version 365 Pro Plus. Experiments were performed in duplicate

CCO-to-ethanol molar ratio) that the percent yield of the A comparison of estimated biodiesel properties
esters was mainly of medium-chain fatty acids viz. ethyl  with standard

caprate, ethyl laurate, and ethyl myristate (Fig. 3). There-
fore, coconut biodiesel consisted mainly of the esters of
medium-chain fatty acids.

Table 2 gives the estimated fuel properties of Salva-
dora biodiesel and coconut biodiesel and their compari-
son with the ASTM standard for biodiesel. Salvadora

60
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% yield
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Fatty Acid Ethyl Ester

Fig. 3 Percent yield of fatty acid ethyl esters at 1:4 CCO-to-ethanol molar ratio. Coconut biodiesel obtained from the most productive
CCO-to-ethanol molar ratio (1:4) was analyzed through gas chromatography to determine the composition of major ethyl esters in biodiesel. Mainly
esters of medium-chain fatty acids incorporated the coconut biodiesel produced at this ratio which included ethyl caprate (15%), ethyl laurate
(19%), and ethyl myristate (43%). The graph was plotted in Microsoft Excel version 365 Pro Plus. Experiments were performed in duplicate
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Table 2 Estimated fuel properties of Salvadora biodiesel and coconut biodiesel and comparison with standard

Coconut biodiesel ASTM D6751 standard

Property Salvadora biodiesel
SFA: saturated fatty acid (%) 8293
MUFA: monounsaturated fatty acid (%) 13.69
PUFA: polyunsaturated fatty acid (%) 0.0
DU: degree of unsaturation 13.69
SV: saponification value (mg/g) 228.29
IV:iodine value 11.97
CN: cetane number 67.51
LCSF: long-chain saturated factor 481
CFPP: cold filter plugging point (°C) —135
CP: cloud point (°C), 9.51
PP: pour point (°C) 3.50
APE: allylic position equivalent 9.54
BAPE: bis-allylic position equivalent 1.14
OS: oxidation stability (h) Infinity
HHV: higher heating value 37.28
u: kinematic viscosity (mm?/s) 3.00

p: density (kg/m?) 839

87.78 -

743 -

0.86 -

9.15 -

257.71 -

823 -

65.62 Minimum 47
1.30 -

—1237 -

0.61 Report
—6.15 —15t010
9.15 -

1.34 -

139.71 Minimum 3
36.09 Report
2.25 1.9-6.0

837 850-900

The fuel properties of Salvadora biodiesel and coconut biodiesel were estimated using BiodieselAnalyzer© Version 2.2. A total of 17 properties ranging from saturated
fatty acid (SFA) to density (in kg/m®) were estimated by the software. These properties were based on the fatty acid profiles of the parent vegetable oils, i.e., SPSO

and CCO. The data are shown in different values according to the property. These properties were then compared with ASTM D6751 standard of biodiesel. Salvadora
biodiesel meets requirements such as cetane number, kinematic viscosity, cloud point, and pour point while its density is very close to the limit. Coconut biodiesel
produced in this study meets requirements such as cetane number, kinematic viscosity, cloud point, pour point, and oxidation stability while its density is also very

close to the limit; - means that the property does not have a specified limit

biodiesel produced in the present study meets the inter-
national requirements such as cetane number, kinematic
viscosity, cloud point, and pour point while its density is
very close to the specified limit. Coconut biodiesel pro-
duced also meets requirements such as cetane number,
kinematic viscosity, cloud point, pour point, and oxida-
tion stability while its density is also very close to the
specified limit.

Discussion

Both SPSO and CCO are good candidates for pro-
ducing medium-chain biodiesel by enzymatic trans-
esterification with the use of ethanol as acyl acceptor
in a greener and eco-friendly way. Saturated medium-
chain fatty acids ranging from lauric acid and myris-
tic acid are found in high quantity in SPSO. The fatty
acid composition of SPSO also nearly confirms to that
reported in literature (Mariod et al. 2009). In contrast,
edible vegetable oils such as soybean and sunflower oils
comprising long-chain fatty acids were used in previ-
ous studies on production of biodiesel. Other research-
ers determined fatty acid composition of Cinnamomum
camphora (camphor tree) seed oil which consisted
mainly of saturated medium-chain fatty acids rang-
ing from capric acid (53.4%) and lauric acid (38.7%).
The oil was used for enzymatic transesterification with
immobilized lipase from Candida sp. 99-125 (Liu et al.

2014). Like camphor tree seed oil, SPSO is non-edible
which gives it an advantage over edible vegetable oils
which are used for food purposes. Further, the plant
species (Salvadora persica) has the potential of an oil-
seed crop for producing biodiesel fuel on a large scale.
As compared to SPSO, Salvadora persica root oil was
not found applicable for producing medium-chain
biodiesel as it contains long-chain fatty acids in high
quantity.

The other feedstock used, i.e., CCO is also non-edible.
Besides containing lauric and myristic acid in high quan-
tity, it also consists of caprylic acid and capric acid which
are other saturated medium-chain fatty acids. Suryanto
et al. (2015) obtained lauric acid (41.21%) and myristic
acid (23.90%) as the dominant fatty acids in coconut oil.
Caprylic and capric acid were the other medium-chain
fatty acids that were detected. The coconut oil was used
for transesterification using KOH (chemical) catalyst and
microwave as energy source. The fatty acid composition
of CCO used in this study also nearly agrees with that of
Rossell et al. (1985).

The average molecular weight of oil feedstock used
for biodiesel production, i.e., SPSO and CCO is in close
range of what researchers found for other vegetable
oils having high quantity of medium-chain fatty acids.
Oliveira et al. (2014) reported that the average molecu-
lar weight of babassu oil is 709.90 g/mol. Liu et al. (2014)
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also found that the average molecular weight of camphor
tree seed oil is 600 g/mol.

TLC is a less expensive procedure which needs low
equipment and operation costs (Fontana et al. 2009)
and which can qualitatively confirm the conversion of
triglycerides in oil into alkyl esters present in biodiesel.
Further, it gives reasonably accurate indication of oil and
ethyl ester content present in the mixture (Babajide et al.
2010). In this study, TLC indicated fatty acid ethyl esters
produced in different batches. Except for the lane of Sal-
vadora biodiesel from 1:4 SPSO-to-ethanol ratio, simi-
lar patches were observed which means that esters were
present in these samples. The exception could be due to
inappropriate handling. Lighter patches were obtained
in all the lanes of coconut biodiesel which also indicated
ethyl esters.

An important and crucial parameter in transesterifica-
tion is oil-to-alcohol molar ratio. Since 1:3 ratio is just
adequate for the theoretical reaction, higher molar ratios
have been used by researchers to maximize biodiesel
production (Ramadhas et al. 2005). In case of SPSO and
CCO, 1:4 oil-to-ethanol ratio can be considered the opti-
mum for maximum conversion into ethyl esters. The rea-
son for decrement of biodiesel yield at higher ratios may
be due to inhibition of lipase by ethanol. The lipase may
lose its stability in higher concentrations of ethanol lead-
ing to lower yields. Other researchers attained highest
yields of biodiesel at around similar ratios while experi-
menting transesterification of oils rich in medium-chain
fatty acids and this study also agrees with their findings
(Liu et al. 2014; Oliveira et al. 2014).

Burkholderia cepacia lipase is a capable biocatalyst
for production of biodiesel from SPSO and CCO pro-
vided the right conditions which includes optimum
oil-to-ethanol molar ratio. In the current study, the
focus was primarily to explore the local feedstock oil as
potential source for biodiesel. The use of free enzyme
for transesterification of these oils was to establish the
procedure and look for products obtained. Indeed, use
of immobilized lipase might have made the process
more economical but it has its own limitations particu-
larly when using in reactions involving solvents. There
are disagreements about immobilization techniques and
the support material used. This makes an interesting
future research prospect to use immobilized lipase for
the said process.

Burkholderia cepacia lipase is also known formerly
as Pseudomonas cepacia lipase (Sinchez et al. 2018).
The active site of Pseudomonas cepacia and Candida
lipase is like funnel (Pleiss et al. 1998) with active triad
made up of Asp-His-Ser acting as a charge-relay sys-
tem (Bommarius and Riebel-Bommarius 2004). The
side chain of Asp carboxyl group is hydrogen bonded
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to His where it forms hydrogen bond with OH group
of Ser. The mechanism is that His pulls the proton from
OH of Ser forming oxyanion ion that in turns form tet-
rahedral intermediate with substrate that results in the
formation of diglyceride (Al-Zuhair 2007). The serine
ester formed reacts with alcohol to complete the trans-
esterification. The histidine nitrogen removes hydro-
gen from the alcohol molecule forming the alkyl oxide
anion. The hydroxide attacks the carbonyl carbon, the
intermediate oxyanion is stabilized by a hydrogen bond
(tetrahedral intermediate 2), the electrons are pushed
back to the carbonyl carbon, and the free fatty acid is
formed. The serine oxygen then reclaims the hydrogen
situated on the histidine to re-establish the hydrogen-
bonding network. The aspartic acid serves as to pull
positive charge from the histidine during the times it is
fully protonated.

The feedstocks, i.e., SPSO and CCO were used with-
out any pre-treatment. This is an advantage of enzymatic
transesterification which reduces the overall costs. In
contrast, chemical transesterification needs pre-treat-
ment of oil feedstock which is a necessity to reduce free
fatty acids content. Otherwise, the free fatty acids will
produce an intermediate compound namely soap which
can inhibit the transesterification reaction. Enzymes are
insensitive to free fatty acids in the oil (Sebastian et al.
2016) as they catalyze reactions of both triglycerides and
free fatty acids to produce esters (Guldhe et al. 2016).

We propose here that both SPSO and CCO are emerg-
ing feedstock oils for producing biodiesel based on the
comparison with international standard. An example is
the American standard ASTM D6751 which is applicable
for both fatty acid methyl esters and fatty acid ethyl esters
(Barabds and Todorut 2011). The properties of biodiesel
depend directly on the fatty acid composition of the par-
ent oil which allows the prediction of properties of a bio-
diesel sample. Examples of the parameters of interest are
cetane number, kinematic viscosity, the cold flow proper-
ties, and the oxidation stability (Talebi et al. 2014).

Solvent-free system is better as it is economical, safe,
and environment friendly. It is equally as useful as the
process being carried out in the presence of solvent (Dos-
sat et al. 2002). This obviates the need of adding expen-
sive and toxic solvents such as n-hexane and petroleum
ether. In solvent-free system, the incomplete hydrolysis
resulted in low levels of glycerol that reduces the hin-
drance in ongoing process of transesterification (Marty
et al. 1997). Other researchers have used these solvents
when carrying out transesterification of vegetable oils
with methanol to reduce the negative effect of the acyl
acceptor on lipase (Soumanou and Bornscheuer 2003;
Lara and Park 2004). Since ethanol was used in this
study, no additional solvent was required in the reaction
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mixture. This makes the process safer and eco-friendly at
low cost of production. Therefore, we propose here that
SPSO and CCO should be checked for their use as fuel
and if it is proven machine friendly, should be produced
on large scale.

Conclusion

Biodiesel production from SPSO and CCO using Burk-
holderia cepacia lipase as biocatalyst in a solvent-free sys-
tem was investigated in this study. It paves the way for a
green route for biodiesel production on a large scale. This
work is a step in the right direction to promote the use
of non-edible vegetable oils over edible ones to produce
biodiesel. Further, it would lead to more usage of lipases
as biocatalysts in biodiesel production as compared to
chemical catalysts. Ethanol, which can also be produced
from biomass fermentation, can be used as acyl acceptor
in transesterification reaction to produce biodiesel and
this makes the process eco-friendly. This study concluded
that Burkholderia cepacia lipase is a good choice for suc-
cessfully getting high yields of biodiesel from SPSO and
CCO at low oil-to-ethanol molar ratios.

Abbreviations
SPSO: Salvadora persica seed oil; CCO: Crude coconut oil; TLC: thin layer
chromatography.
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