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Abstract - This work reports the use of commercially available immobilized lipase preparations (Novozym®
435 and Lipozyme TL IM, both from Novozymes, and Lipase PS IM from Amano) as catalysts in the
transesterification reaction of different alkyl-chain triglycerides with ethanol. The ethanolysis of native oils
from Brazilian Amazon plants andiroba (Carapa guianensis), babassu (Orbignya sp.), jatropa (Jatropha
curcas), and palm (Elaeis sp.) was studied in a solvent-free system. In a typical reaction, the immobilized
preparations were added to the mixture of vegetable oil-to-ethanol in a molar ratio of 1:9. The reactions were
performed at 50 °C for a maximum period of 48 h. Under the conditions used, all the immobilized lipase
preparations were able to generate the main esters of fatty acids present in the tested feedstocks, and both the
reaction rate and ester yield were dependent on the source of lipase and vegetable oil. The viscosity values for
the samples obtained in each reaction displayed a consistent reduction in relation to their original feedstocks,
which also confirms the high conversion of triglycerides to ethyl esters (99.8-74.0%). The best performances
were obtained with Amano PS IM and Novozym® 435, with the biodiesel samples from the babassu and
jatropha oils exhibiting viscosity values in accordance with those predicted by the technical standards of
ASTM D6751 (1.9-6.0 mm?/ s). Lipozyme TL IM displayed an unsatisfactory performance, indicating that the
conditions of the transesterification reaction should be improved. This comparative study using different
catalysts and several vegetable oil sources with varying fatty acid compositions is particularly important for

all tropical countries with a diversity of native vegetable oil sources.
Keywords: Lipase; Biocatalyst; Non-edible feedstock; Biodiesel; Ethanol.

INTRODUCTION

The current increased global demand for liquid
fuels in addition to global warming, energy security,
and political development in the fields of agriculture
and energy have opened new areas of interest and
opportunities for research in both academia and in-
dustry because these points of concern are responsi-
ble for renewed interest in biofuels (Abbaszaadeh et
al., 2012; Knothe et al., 2005).

Biodiesel derived from triglycerides or free fatty
acids by transesterification or esterification with

*To whom correspondence should be addressed

short-chain alcohols has attracted considerable at-
tention during the past decade as a renewable, biode-
gradable, and nontoxic fuel (Abbaszaadeh et al.,
2012). Although biodiesel has been successfully
produced chemically, there are still several process
issues that require further development, such as
glycerol recovery and the removal of inorganic salts.
The disadvantages caused by chemical catalysts are
largely avoided by using lipases as catalysts (Zhang
et al., 2012; Fjerbaek et al., 2009).

Lipases, also known as triacylglycerol hydrolases
(E.C.3.1.1.3), are enzymes that preferentially cata-
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lyze the hydrolysis of acylglycerols at the oil/water
interface. The hydrolytic reactions catalyzed by li-
pases are generally reversible, and the potential of
these enzymes in organic synthesis has been well
studied and recently reviewed by Kapoor and Gupta
(2012), who emphasize the versatility of these en-
zymes as biocatalysts. Such versatility is also evident
by the number of processes implemented on a large
scale, particularly in the oleochemical industry, which
has a permanent interest in controlling the physical,
functional, and organoleptical properties of the prod-
ucts. Furthermore, recent interest in the use of lipases
in the form of free or immobilized enzymes is gain-
ing increasing attention for the production of bio-
diesel (Ribeiro et al., 2011; Narwal and Gupta, 2013).

Different lipase sources have been utilized in bio-
diesel syntheses, and many have been found to have
limited performance because of their fatty acid
chain-length specificity, substrate specificity, and
regioselectivity. However, the majority of lipases are
capable of converting triglycerides, diglycerides,
monoglycerides, and free fatty acids into methyl or
ethyl fatty esters. The most active lipases for bio-
diesel production include those derived from Can-
dida antarctica B, Rhizomucor miehei, Burkholderia
(Pseudomonas) cepacia, and Thermomyces lanugi-
nosus (Ribeiro et al, 2011; Adlercreutz, 2013).

In addition to the lipase source, other important
variables of the enzymatic process include tempera-
ture, reaction time, oil-to-alcohol molar ratio, type of
acyl acceptor, and stirring intensity. Moreover, the
type of vegetable oil and chain length are also im-
portant parameters that influence the overall effi-
ciency of the process (Fjerbaek et al., 2009; Ribeiro
etal,2011).

Methanol is commonly used an acyl acceptor be-
cause of its suitable physical and chemical properties
and low cost (Marjanovi¢ et al., 2010). However,
problems such as the toxicity of methanol and the
risk of explosion motivate the search for alternatives,
and the use of ethanol has emerged as an interesting
alternative (Stamenkovi¢ ef al., 2012). Furthermore,
ethanol is a larger and heavier alcohol than metha-
nol, leading to a mass yield gain in the enzymatic
synthesis of fatty acid ethyl esters (FAEEs) that re-
sults in a higher biodiesel mass per unit mass of oil
(Vieitez et al., 2010). In some countries, ethanol is
sold at lower prices than methanol; thus, the alcohol
component is always significantly less expensive
than the oil component. Accordingly, the extra mass
or volume gain when using ethanol instead of
methanol could become a major sales argument,
particularly for the Brazilian market (Stamenkovic et
al., 2011; Brunschwig et al., 2012).

Vegetable oil production in Brazil is anticipated

to increase because the country has approximately
150 million hectares that could be incorporated
into agricultural production, 90 million related to
new borders, and 60 million for land and pastures
(Takahashi and Ortega, 2010). These areas are dis-
tributed throughout the country, and oilseed produc-
tion requires edaphoclimatic conditions that are very
favorable in Brazil. Therefore, crops such as soy-
beans, corn, peanut, sunflower, babassu, and palm
could be exploited for the production of biodiesel
(Bergmann et al., 2013). It is also clear that the
search for beneficial biodiesel sources should focus
on feedstocks that do not compete with food crops,
do not lead to land clearing, and provide greenhouse-
gas reductions. These feedstocks include such high-
yielding (Table 1), non-edible tropical crops as andi-
roba (Carapa guianensis), babassu (Orbignya sp.),
jatropha (Jatropha curcas), and palm trees (Elaeis
guineensis). Large amounts of these non-edible oil
plants are available in several regions of Brazil
(Bergmann et al, 2013) at a low exploration cost.
Based on the aspects mentioned above, this study
aimed to assess the most appropriate source of lipase
among a selection of available enzymes to synthesize
biodiesel from different non-edible vegetable oils in
the presence of ethanol, considering the overall effi-
ciency and productivity of the reaction as process
evaluation parameters. The lipases chosen are com-
mercially available in immobilized form and include
non-specific lipases (derived from Candida antarc-
tica B and Burkholderia cepacia) and 1,3 specific
lipases (derived from Thermomyces lanuginosus),
allowing comparisons with the published data.

MATERIALS AND METHODS
Materials

Andiroba oil (Formil Chemistry Florabrasil-Ara-
caju, SE, Brazil), babassu oil (Cognis, Jacarei, SP,
Brazil), jatropha oil (IAPAR, Londrina, PR, Brazil),
and palm oil (Agropalma, Belém, PA, Brazil) were
used as the feedstocks. Ethanol (minimum 99%)
from Cromoline (Sdo Paulo, SP, Brazil) was used as
the acyl acceptor. Several commercial immobilized
lipase preparations, including Lipase PS IM pur-
chased from Amano Pharmaceuticals (Nagoya, Japan)
and Lipozyme TL IM and Novozym® 435 kindly
donated by Novozymes Latin American (Araucaria,
PR, Brazil), were tested as biocatalysts; additional
information on these preparations is provided in
Table 2 based on manufacturer-supplied information.
Other reagents and solvents were of standard
laboratory grade.
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Table 1: Characteristics of the selected tropical crops used in this work.

Feedstock Region

Oil content | Oil yield Plant
(%)

Available cultivation
L/ha/year cycle area

W  Antilles, Central America

Brazilian Amazon has 25.7 trees

Andiroba south of Honduras, many parts 1420 2-3-year | per hectare on dry land forest
(Carapa guianensis) | of the Amazon and tropical re- cycle and 14.6 in inundated forest.
gion Brazilian and Africa
In Brazil babassu production
area occupies about 17 million
Babassu Northeast, North and Midwest 45-60 2689 perennial | ha. The largest concentration

(Orbignya sp.) Brazilian

plant area of babassu is the Northeast,
with the State of Maranhao
being the major producer.

Mexico, Central America, Afri-

The total cultivation area of
Jatropha is 900,000 ha globally

Jatropha ca. India. Brazil. Areentina and 40-50 1892 perennial | among which 84.4% (760,000 ha)
(Jatropha curcas L.) Pa}a ua i P ATE plant is in Asia, 13.3% (120,000 ha) in
guay Africa and 2.23% (20,000 ha) in

Latin America.
Nearly 80% is located in Malaysia Together, all palm oil produc-
Palm gnd lndonc;jla. Wejt ﬁfrlcahand 30-60 5950 perennial ing czuntrlesfacco'lillgt f(})lr a cul-
(Elacis sp.) is now widespread throughout plant tivated area of 2 million hectares.

the tropical areas of America
and South East Asia

Brazil has palm oil production
0f 1,292,713t in 108,919 ha

Sources: Atabani ef al., 2012; Bergman et al., 2013; Klimas ef al., 2007; Lopes and Neto Steidle, 2011.

Table 2: Some characteristics of the microbial lipases used in the present work.

Trade name Lipase PS IM Lipozyme® TL IM Novozym® 435
Supplier Amano Novozymes Novozymes
Microorganism Burkholderia Thermomyces Candida
cepacia lanuginosus antarctica
Support Diatomaceous porous silica macroporous acrylic
earth granules resin bead-shaped
Substrate specificity Nonspecific 1-3-specific Nonspecific
Temperature optimum (°C) 25-60 40-60 40-60

Biodiesel Synthesis

The reactions were performed in a jacketed cylin-
drical glass reactor (60 mm high X 40 mm internal
diameter, with a capacity of 100 mL) containing 20 g
of substrate consisting of vegetable oil and ethanol
mixtures at a molar ratio of 1:9, without the addition
of solvent. Mixtures were incubated with immobi-
lized lipase preparations at the fixed proportion of
250 units of activity per gram of vegetable oil. The
reactions were performed at 50 °C for a maximum
period of 48 h under constant magnetic agitation of
150 rpm. For the time-course studies, an aliquot of
the reaction medium was removed at various time
intervals and diluted in n-hexane for GC analysis.

Purification of Biodiesel

When the reaction was completed, the lipase was
separated from the medium, and the organic phase

was washed twice with water to remove both the
remaining ethanol and the free glycerol as a by-
product. Any residual water was removed by rotary
evaporation to attain the final fatty acid ethyl ester
product.

Vegetable Oil Characterization

The physicochemical properties (iodine value,
saponification value, acid value, peroxide value, and
viscosity) were determined following the methods
described by the American Oil Chemists’ Society
(AOCS, 2004). Fatty acid composition was deter-
mined by capillary gas chromatography using a CGC
Agilent 6850 Series GC System with the following
capillary column: DB-23 Agilent (50% cyanopropyl)
with methylpolysiloxane (size 60 m, @ int 0.25 mm,
0.25 mM) film. Helium was used as the carrier gas at
a rate of 1.00 mL/min, with a linear speed of 24 cm
sec’. The temperatures of the detector and injector
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were set at 280 °C and 250 °C, respectively. The
column temperature was kept at 100 °C for 5 min,
heated to 215 °C at 5 °C min™', and kept constant for
34 min. The volume injected was 1.0 pL.

Monitoring Ethyl Ester Formation

The formation of ethyl esters from the ethanolysis
of different feedstocks was analyzed by gas chroma-
tography using a Varian CG 3800 GC (Inc. Corporate
Headquarters, Palo Alto, CA, USA) equipped with a
flame-ionization detector and 5% DEGS CHR-WHP
80/100 mesh (6 ft 2.0 mm ID and 1/8’’ OD; Restek,
Frankel Commerce of Analytic Instruments Ltd., SP,
Brazil). Nitrogen was used as the carrier gas at a
flow rate of 25 mL min™'. Temperature programming
was performed: the column temperature was kept at
90 °C for 3 min, heated to 120 °C at 25 °C min™', and
kept constant for 10 min; the column temperature
was then programmed at 25 °C min™' to 170 °C and
kept constant for 15 min. The temperatures of the
injector and detector were set at 250 °C. The data
collection and analyses were performed using the
software Galaxie Chromatography Data System ver-
sion 1.9. The calibration curves were generated with
standard ethyl esters using hexanol as the internal
standard. The reaction yield was calculated by taking
into account the mass of ester content obtained by
GC analysis and the total theoretical ester mass
based on the initial amount of both oil and ethanol
(Urioste et al., 2008; Silva et al., 2012).
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Viscosity and Density Determinations of Purified
Fatty Acid Ethyl Esters (FAEEs)

The absolute viscosity of biodiesel was deter-
mined using an LVDV-II cone and a plate spindle
Brookfield viscometer (Brookfield Viscometers Ltd,
England) with a CP 42 cone. A circulating water bath
was used to maintain the temperature for each analy-
sis at 40 °C, with an accuracy of 0.1 °C. The shear
stress measurements were taken as a function of the
shear rate, and the dynamic viscosity was determined
as the slope constant. Samples of 0.5 mL were used,
and the measurements were replicated three times.
The density of biodiesel was determined with a DMA
35N EX digital densimeter (Anton Paar). The tem-
perature was maintained at 20 °C during the assays.
Biodiesel samples of 2.0 mL were used, and the meas-
urements replicated three times (Silva et al., 2012).

RESULTS AND DISCUSSION

Physicochemical properties, including the fatty
acid profile, are important for determining the suit-
ability of a feedstock for the production of biodiesel.
Indeed, the feedstock quality influences both the
transesterification reaction and the quality of the bio-
diesel generated. The feedstocks used in this study
were characterized according to the methodology
recommended by official methods, and the most
important properties are shown in Table 3.

Table 3: Physicochemical properties and fatty acids composition of non-edible vegetal oils for biodiesel

production.
Andiroba Babassu Jatropha Palm
Kinematic viscosity at 40 °C (mm?/s) 40.6 29.5 345 36.8
Acid value (mg KOH/g of oil) 0.8 0.65 0.30 0.33
Saponification value (mg KOH/ g of oil) 194 238 141 198
Iodine value (g I,/ 100 g of oil) 72 25 101 98
Peroxide value (meq/ kg of oil) 30.0 1.82 4.2 2.1
Fatty acid composition (% wt)

Caprylic acid (C8) 3.5

Capric acid (C10) 4.5

Lauric acid (C12) 0.1 44.7 0.1 0.10
Myristic acid (C14) 0.1 17.5 0.1 1.20
Palmitic acid (C16) 29.0 9.7 12.9 46.8
Stearic acid (C18) 10.0 3.1 5.6 3.8
Oleic acid (C18:1) 47.0 15.2 39.8 37.6
Linoleic acid (C18:2) 10.7 1.8 40.0 10.5
Linolenic (C18:3) 0.3 0.2

Arachidic (C20:0) 1.3 0.2

Gadoleic (C20:1) 0.1 0.1

Behenic (C22:0) 0.3 0.1

Lignoceric (C24:0) 0.2 0.1

Saturated (%owt) 41.1 83.0 19.0 51.9
Unsaturated (Yowt ) 58.9 17.0 80.9 48.1
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Acidity and peroxide values reveal the deteriora-
tion of the feedstock in terms of hydrolytic rancidity
according to the acidity (concentration of free fatty
acids) and oxidative rancidity according to the per-
oxide index. The saponification index is useful for
determining the average molecular mass and the
expected deterioration rate, and the iodine index
reveals the extent of feedstock unsaturation.

The estimated acidity index ranged from 0.3 to
0.8 mg KOH/g, displaying no traces of hydrolytic
rancidity, thereby allowing a high yield and pre-
venting corrosion problems in diesel engines
(Bancovik-llic et al., 2012).

The peroxide contents of all the feedstocks were
adequate, except for the andiroba oil, which dis-
played a high peroxide content (30 meq/ kg) that can
be associated with the long storage period in the
laboratory. This value may have a negative influence
on biochemical catalysis, as reported in the literature,
which also recommends values lower than 5 meq/ kg
to avoid enzymatic inhibition (Ibrahim et al., 2007).

The iodine index indicates the unsaturation level
of the feedstock, and this value varied between 25
and 101 gl, 100 g, satisfying an important charac-
teristic of a material to be used as a feedstock in
biofuel production. The highest content of unsatu-
rated fatty acids was found for jatropha oil, with
a value of 101 g I, 100 g'. Studies conducted
by Knothe (2002) revealed that a value higher than
115 g 1, 100 g indicates a low oxidative stability,
which may limit industrial application.

The saponification index of babassu oil was 238
mg KOH g, and jatropha oil had the lowest value
(141 mg KOH g™). This difference may be explained
by the lower molecular weight fatty acid composi-
tion of babassu oil. The saponification value found
for the babassu oil is compatible with the literature
(Lima et al., 2007).

Fatty acids may differ according to their carbon
chain length and number of double bonds (unsatura-
tion level), and the physical and chemical properties
of biodiesel depend on the type of feedstock and the
fatty acid composition.

The fatty acid profiles of the selected feedstocks
(Table 3) indicate a well-diversified composition, al-
lowing verification of the biocatalyst performance in
terms of the reaction selectivity. The size and num-
ber of carbon chain unsaturations are also a decisive
factor when determining some biodiesel properties
(Knothe et al., 2005).

The fatty acid (FA) profile of the vegetable oils
characterized by gas chromatography yielded 13 FAs
with carbon chains ranging from C8 to C24 and
different degrees of unsaturation (17-81%). The ma-

jority of FAs were palmitic acid (C16:0), ranging
from 9.7% to 46.8%, and oleic (C18:1) and linoleic
(C18:2) acids, ranging from 15.2 to 47.0 % and from
10.5 to 40.0%, respectively.

Andiroba oil displayed 41.2% saturated FAs and
58.8% unsaturated FAs, with a greater proportion of
oleic (46.9%), linoleic (30.9%), and palmitic (23.5%)
acids. Babassu oil had approximately 83% saturated
FAs, with a higher proportion of lauric (44.7%),
myristic (17.5%), and palmitic (9.7%) acids; the un-
saturated FAs obtained were 15.2% oleic (C18:1)
and 1.8% linoleic (C18:2) acids. An antagonistic
profile was found for jatropha oil, which contained
81% unsaturated and 19% saturated FAs, with linoleic
acid being present at a higher proportion (40%), fol-
lowed by oleic (39.7%) and palmitic (12.9%) acids.
It is important to note that babassu oil has the highest
concentration of short-chain fatty acids (lower than
C12), which are reported to interact more effectively
with the acyl agent and catalyst (Lima et al., 2007).
Palm oil had 51.9% saturated FAs (46.8% palmitic
and 3.8% stearic) and 48.1% unsaturated FAs, with
oleic (37.8%) and linoleic (10.5%) acids in the higher
proportions.

Biodiesel Enzymatic Synthesis

The feasibility of using vegetable oils to yield
biodiesel using ethanol as an acyl acceptor was as-
sessed using three commercially immobilized lipase
preparations. Experiments were conducted under a
preliminary set of reaction conditions (oil-to-ethanol
proportion of 1:9; 50 °C, and 250 units of immobi-
lized lipase per gram of vegetable oil) that may not
have been the optimum set for all the feedstocks and
lipases tested. The results regarding the transesterifi-
cation yield as a function of time are shown in Figure
1(a-d) for each of the tested vegetable oils, and the
main results are displayed in Table 4. Because Table
4 presents the reaction yield attained by all the bio-
catalysts for the same period of time under the same
conditions, it is possible to compare their activities
directly using this parameter.

As observed in Figure 1(a-d), both the reaction
rate and ester yield were dependent on the source of
lipase and the vegetable oil. It was verified that
Amano PS IM and Novozym® 435 had similar ini-
tial rates for babassu and palm oils and a slightly
slower initial rate for jatropha oil. The lowest per-
formance was attained with Lipozyme TL IM, except
in the case of jatropha oil.

The reactions with andiroba oil were found to
produce the lowest final yield (Figure 1a and Table 4),
which can be attributed to certain features of this
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Figure 1: Transesterification yield from non-edible vegetal oils using different immobilized lipases as a
function of reaction time: (a) andiroba oil, (b) babassu oil, (c) jatropha oil and (d) palm oil.

Table 4: Transesterification yield, productivity and Kinetic viscosity attained in the enzymatic ethanolysis
of different feedstock sources.

Vegetal Enzyme Ethyl ester concentration in the reaction medium Yield Kinematic

oil (Yowt) (%) viscosity

C8 C10 C12 Cl14 Cl6 | C18 | C18:1 | C18:2 (mm®/s)
Novozym 435 - - - - 234 6.3 28.0 6.8 87.0 8.5
Andiroba Lipozyme TL IM - - - - 21.8 58 | 221 5.0 73.8 11.6
PS Amano IM - - - - 22.8 6.3 20.2 4.7 72.8 14.8
Novozym 435 29 32 372 | 104 52 0.1 7.3 1.3 94.9 4.8
Babassu Lipozyme TL IM 3.0 2.9 31.0 8.9 5.1 0.1 7.8 1.4 84.6 6.2
PS Amano IM 3.6 3.6 38.7 | 11.7 6.6 0.5 8.4 1.9 96.9 4.9
Novozym 435 - - - - 11.5 94 | 246 | 26.6 98.8 6.3
Jatropha Lipozyme TL IM - - - - 10.8 8.1 24.0 | 20.0 94.0 7.4
PS Amano IM - - - - 12.1 3.0 | 252 | 39.1 99.8 6.9
Novozym 435 - - - 0.1 28.8 3.1 24.0 52 82.7 7.3
Palm Lipozyme TL IM - - - - 26.6 29 | 21.0 42 74.0 8.2
PS Amano IM - - - 02 | 37.1 44 | 247 52 96.7 6.2
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feedstock, such as a long storage time during which
the oil had oxidized, thereby decreasing the enzyme
activity in the transesterification reaction. When using
this oil, the highest yield (87.0%) was attained with
Novozym® 435, and the performances of Amano PS
IM and Lipozyme® TL IM were lower, at 72.8%
and 73.8%, respectively. These results are in agree-
ment with the data reported by Wang and Gordon
(1991), Posorske et al. (1988), and Ohta et al.
(1989), who indicated that lipases are inactivated by
lipid oxidation products in nonaqueous media. In
addition, the activity of Lipozyme was found to de-
crease more rapidly in soybean oil than in olive oil,
and this was ascribed to the effect of the lipid oxida-
tion products in the more unsaturated soybean oil
(Posorske et al., 1988).

The highest yields were achieved with babassu
(Figure 1b) and jatropha oils (Figure 1c) for all the
tested lipases. For babassu oil, both Amano PS IM
and Novozym® 435 displayed similar rates for ethyl
ester production, with yields of 98.8% and 94.9%,
respectively, whereas Lipozyme® TL IM was much
less efficient (84.6%). The jatropha oil yields were
98.9% with Amano PS IM; 98.9% with Novozym®
435, and 94.0% with Lipozyme® TL IM. For jatro-
pha oil (Figure 1c), at the beginning of the reaction,
Amano PS IM was the slowest ethyl ester producer
but attained the level of Novozym® 435 at 48 h;
these two enzymes provided the highest yields,
which can be explained by the fact that both lipase
preparations are not specific enzymes. In contrast,
Lipozyme® TL IM exhibited different behavior with
these two oils because it is a 1,3-specific lipase; none-
theless, the results were satisfactory. The lower yield
can also be attributed to the role of water in the reac-
tion, which, despite being essential for maintaining
the conformational flexibility of the enzyme, may
have contributed to reducing the activity of this
biocatalyst.

For palm oil, the efficiency of biodiesel produc-
tion was in the following order: Amano PS IM >
Novozym® 435 > Lipozyme® TL IM, with yields of
96.7, 82.7, and 74.0%, respectively (Figure 1d). As
opposed to the other transesterification reactions in
this study, the synthesis using Amano PS IM had the
highest initial rate, and the activity of Novozym®
435 in biodiesel production was again higher than
that of Lipozyme® TL IM.

Similar results were reported by Rodrigues et al.
(2008) in assessing the activity of Lipozyme® TL
IM and Novozym® 435 in biodiesel production by
ethanolysis of different raw materials, achieving the
best results for reactions using Novozym® 435. The
lower performance obtained by the Lipozyme® TL

IM lipase can be attributed either to its specificity or
the role of water in the reaction. The sn-1,3 specific-
ity of lipases can lead to reduced conversion, creat-
ing 2-monoacylglycerols as byproducts, and this was
proposed as the reason for the lower conversion ob-
tained with the sn-1,3-specific enzyme Lipozyme®
TL IM compared to the less regioselective Novozym®
435. The high yields obtained for the conversion of
fatty acids in Novozym® 435-catalyzed reactions in
the present study can be explained in terms of ther-
modynamic considerations and the greater resistance
of this particular lipase to deactivation in comparison
to Lipozyme® TL IM. Novozym® 435 is more ro-
bust in the presence of low molecular weight alco-
hols, which thereby facilitates its ability to catalyze
the ethanolysis reaction for longer times. Moreover,
the hydrophilic character of the Lipozyme immobi-
lizing support also played a role in the reaction by
modifying the partitioning of water between the
liquid and solid phases, which also results in drastic
changes in the enzyme activity. As Lipozyme con-
sists of a lipase preparation immobilized on an ion
exchange resin, it is expected that its use will be
accompanied by a high amount of water absorption
on the solid enzyme phase, mainly for high-polarity
substrates, such as the oil/ethanol system (Silva et
al., 2009). This helps to explain the consistently
higher yields achieved in the reaction systems cata-
lyzed with both nonspecific lipases compared to the
reactions catalyzed with Lipozyme® TL IM.

As different lipases convert different substrate
molecules present in the reaction mixture at different
rates, it can be advantageous to use a combination of
lipases to catalyze the process, for example, a com-
bination of Lipozyme® TL IM and Novozym® 435.

Regarding the acyl acceptor to oil ratio employed,
high ratios usually imply greater oil transformation
to biodiesel and higher reaction rates when the acyl
acceptor does not deactivate the enzyme. By using
ethanol as an acyl acceptor, ratios as high as 18 can
be utilized to obtain yields higher than 95%, without
any inhibitory effect detected (Moreira et al., 2007);
however, the feasibility of this depends on the lipase
source. Hernandez-Martin and Otero (2007) studied
the influence of the molar ratio of ethanol to fatty
acid in the deactivation of lipase due to the contact of
the enzyme with the immiscible polar organic phase
formed because of a lack of complete solubility of
the alcohol, in addition to the glycerol byproduct, in
the oil phase, with maximum conversion in the trials
involving Lipozyme® TL IM. Nonetheless, for the
trials involving ethanolysis catalyzed by Novozym®
4335, the reaction proceeded to a greater extent in the
presence of a large excess of ethanol (Hernandez-
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Martin and Otero, 2007).

As observed in Table 4, all the lipases were able
to form the main esters of fatty acids present in the
tested vegetable oil sources under the conditions
used. Additionally, all the lipases displayed similar
behavior in terms of selectivity for the fatty acids
present in higher concentrations in each material.
Although the conditions used in this work were not
optimized for the highest reaction yield, they still
provide a means to compare the catalytic activities of
the immobilized lipases.

The viscosity values for the purified samples ob-
tained in each reaction indicated a consistent reduc-
tion in relation to their original feedstock, which also
confirms the conversion of triglycerides into ethyl
esters (Table 4). The viscosity values for the feed-
stocks were between 29.5 and 40.6 mm”/s and sharply
decreased upon the transesterification reaction. The
transesterification yields ranged from 98.5 to 72.8%,
corresponding to viscosity values between 4.8 to
14.8 mm?*s. Under the conditions tested, the best
performance was obtained using Amano PS IM and
Novozym® 435 with biodiesel samples from ba-
bassu and jatropha, exhibiting values of viscosity
that meet the standards established by ASTM D6751
(Knothe ef al., 2005).

CONCLUSION

Lipase PS IM displayed very similar behavior to
Novozym® 435, the lipase most used for mediating
typical lipase reactions for biodiesel production.
Therefore, our results suggest the potential applica-
tion of Lipase PS IM in those types of reactions.
Under the conditions tested, the best performance was
obtained for the reaction catalyzed by Lipase PS IM
and Novozym® 435 using babassu oil, which may
have resulted from the shorter chains of this feed-
stock interacting more effectively with the enzyme
and alcohol. The samples obtained using these en-
zymes exhibited viscosity values within the standards
required by ASTM D6751 (range of 1.9-6.0 mm?/s).
The enzyme Lipozyme® TL IM presented unsatis-
factory performance, indicating that the transesterifi-
cation reaction conditions should be optimized when
using this enzyme. The high viscosity of the product
obtained using andiroba oil can be explained by the
low conversion reaction due to a possible inhibition
of the lipase by the high level of peroxide in this raw
material, a situation that arose from the inadequate
and extended storage conditions.

ACKNOWLEDGEMENTS

This work was supported financially by the Coor-
denag@o de Aperfeicoamento de Pessoal de Ensino
Superior (CAPES) and Conselho Nacional de De-
senvolvimento Cientifico e Tecnoldgico (CNPq).

REFERENCES

Abbaszaadeh, A., Ghobadian, B., Omidkhah, M. R.,
Najafi, G., Current biodiesel production techno-
logies: A comparative review. Energy Conversion
and Management, v. 68, p. 138-148 (2012).

Adlercreutz, P., Immobilisation and application of
lipases in organic media. Chemical Society Re-
views, v. 42, p. 6406-6436 (2013).

AOCS, American Oil Chemists’ Society Official
Methods and Recommended Pratices of the
AOCS. 5thEd. AOCS Press (2004).

Atabani, A. E., Silitonga, A. S., Badruddin, 1. M.,
Mahlia, T. M. 1., Masjuki, Mekhilef, S., A compre-
hensive review on biodiesel as an alternative en-
ergy resource and its characteristics. Renewable
and Sustainable Energy Reviews, v. 16, p. 2070-
2093 (2012).

Bankovic-llic, 1. B., Stamenkovic, O. C., Veljkovic,
V. B., Biodiesel production from non-edible plant
oils. Renewable and Sustainable Energy Reviews,
v. 16, p. 3661-3647 (2012).

Bergmann, J. C., Tupinamba, D. D., Costa, O. Y. A.,
Almeida, J. R. M., Biodiesel production in Brazil
and alternative biomass feedstocks. Renewable
and Sustainable Energy Reviews, v. 21, p. 411-420
(2013).

Brunschwing, C., Moussavou, W., Blin, J., Use of
bioethanol for biodiesel production. Progress in
Energy and Combustion Science, v. 38, p. 283-301
(2012).

Fjerbaek, L., Christensen, K. V., Norddahl, B., A
review of the current state of biodiesel production
using enzymatic transesterification. Biotechnol-
ogy Bioengineering, v. 5, p. 1298-1315 (2009).

Hernandez-Martin, E., Otero, C., Different enzyme
requirements for the synthesis of biodiesel
Novozym® 435 and Lipozyme® TL IM. Biore-
source Technology, v. 99, p. 277-286 (2008).

Ibrahim, N. A., Nielsen, S. T., Wignewaran, V.,
Zhang, H., Xu, X., Online pre-purification for the
continuous enzymatic interestification of bulk fats
containing omega-3 oil. Journal of the American
Oil Chemists Society, v. 85, p. 95-98 (2007).

Brazilian Journal of Chemical Engineering



Utilization of Immobilized Lipases as Catalysts in the Transesterification of Non-Edible Vegetable Oils with Ethanol 847

Kapoor, M., Gupta, M. N., Lipase promiscuity and
its biochemical applications. Process Biochemis-
try, v. 47, p. 555-569 (2012).

Klimas, C. A., Kainer, K. A., Wadt, L. H. O., Popu-
lation structure of Carapa guianensis in two for-
est types in the southwestern Brazilian Amazon.
Forest Ecology and Management, v. 250, p. 256-
265 (2007).

Knothe, G., Structure indices in FA chemistry. How
relevant is the iodine value? Journal of the
American Oil Chemists Society, v. 79, p. 847-854
(2002).

Knothe, G., Krahl, J., Van Gerpen, J., Eds. The Bio-
diesel Handbook. AOCS Press, Champaign, IL
(2005).

Lima, J. R. D. O., Silva, R. B., Santos, L. S. S., Bio-
diesel from babassu (Orbignya sp.) synthesized
via ethanolic route. Quimica Nova, 30, 600-603
(2007).

Lopes, D. C., Neto Steidle, A. J., Potential crops for
biodiesel production in Brazil: A review. World
Journal of Agricultural Sciences, v. 7, p. 206-217
(2011).

Marjanovié, A. V., Stamenkovi¢, O. S., Todorovi¢, Z.
B., Lazi¢, M. L., Veljkovi¢, V. B., Kinetics of the
base-catalyzed sunflower oil ethanolysis. Fuel, v.
89, p. 665-671 (2010).

Moreira, A. B. R., Perez, V. H., Zanin, G. M., De
Castro, H. F., Biodiesel synthesis by enzymatic
transesterification of palm oil with ethanol using
lipases from several sources immobilized on sil-
ica-PVA composite. Energy and Fuels, v. 21, p.
3689-3694 (2007).

Narwal, S. K., Gupta. R., Biodiesel production by
transesterification using immobilized lipase. Bio-
technology Letters, v. 35, p. 479-490 (2013).

Ohta, Y., Yamane, T., Shimizu, S., Inhibition and
inactivation of lipase by fat peroxide in the course
of batch and continuous glycerolysis of fat by li-
pase. Agricultural and Biological Chemistry, v. 53,
p. 1885-1890 (1989).

Posorske, L. H., LeFebvre, G. K., Miller, C. A., Hansen,
T. T., Glenvig, B. L., Process considerations of
continuous fat modification with an immobilised
lipase. Journal of American Oil Chemical Society,
65, p- 922-926 (1988).

Ribeiro, B. D., Castro, A. M., Coelho, M. A. Z.,
Freire, D. M. G., Production and use of lipases in
bioenergy: A review from the feedstocks to bio-
diesel production. Enzyme Research, v. 2011, p.
1-16 (2011).

Rodrigues, R. C., Volpato, G., Wada, K., Ayub, M.
A. Z., Enzymatic synthesis of biodiesel from
transesterification reactions of vegetable oils and
short chain alcohols. Journal of American Oil
Chemical Society, v. 85, p. 925-930 (2008).

Silva, G. A. M., Da Ros, P. C. M., Souza, L. T. A.,
Costa, A. P. O., De Castro, H. F., Physico-
chemical, spectroscopical and thermal characteri-
zation of biodiesel obtained by enzymatic route as
a tool to select the most efficient immobilized
lipase. Brazilian Journal of Chemical Engineer-
ing, v. 29, p. 39-47 (2012).

Silva, G. S., Da Ros, P. C. M., Santos, J.C., Perez, V.
H., De Castro, H. F., Enzymatic transformation of
palm oil in biodiesel using porcine pancreatic li-
pase immobilized on hybrid matrix. International
Review of Chemical Engineering (I.RE.CH.E.),
v. 1, p. 609-613 (2009).

Stamenkovi¢, O. S., Velickovi¢, A. V., Veljkovi¢, B.
V., The production of biodiesel from vegetable
oils by ethanolysis: Current state and perspec-
tives. Fuel, v. 90, p. 3141-3155 (2011).

Takahashi, F., Ortega, E., Assessing the sustainabil-
ity of Brazilian oleaginous crops — possible raw
material to produce biodiesel. Energy Policy, v.
38, p. 2446-2454 (2010).

Urioste, D., Castro, M. B. A., Biaggio, F. C., De
Castro, H. F., Synthesis of chromatographic stan-
dards and establishment of a method for the
quantification of the fatty ester composition of
biodiesel from babassu oil. Quimica Nova, v.31,
p. 407-412 (2008).

Wang, Y., Gordon, M. H., Effect of lipid oxida-
tion products on the transesterification activity
of an immobilized lipase. Journal of Agricul-
tural and Food Chemistry, v. 39, p. 1693-1695
(1991).

Zhang, B., Weng, Y., Xu, H., Mao, Z., Enzyme im-
mobilization for biodiesel production. European
Journal of Applied Microbiology and Biotech-
nology, v. 93, p. 61-70 (2012).

Brazilian Journal of Chemical Engineering Vol. 31, No. 04, pp. 839 - 847, October - December, 2014




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


