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the conventional processes. However, lipase can be deactivated by lower linear alcohols, such as methanol
and ethanol, conventionally used in biodiesel process. In this work, transesterification reactions of waste
frying oil were carried out in presence of two different acyl acceptors in order to analyze its influence on
the free and immobilized lipase activity.

© 2010 Elsevier B.V. All rights reserved.
andida antarctica
ransesterification

. Introduction

Currently, the lack of conventional fossil fuels and the increase
f the polluting emissions generated by combustion have increased
he necessity for alternative fuels, such as biodiesel. Biodiesel is
iodegradable, non-flammable and non-toxic. It generates less car-
on and sulphur dioxides than conventional diesel [1]. In general,
iodiesel is an alternative fuel obtained from plants (a renewable
esource). According to the ASTM norm D 6751, biodiesel is a diesel
ngine fuel comprised of monoalkyl esters of long-chain fatty acids
erived from vegetable oils or animal fats. It is produced by a trans-
sterification reaction.

The transesterification reaction consists of the triglycerides
ransformation into fatty acid alkyl esters in presence of a short-
hain alcohol, such as methanol, ethanol or butanol, and a catalyst,
btaining additional glycerin as a by-product [2]. The stoichiom-
try of the reaction is 3:1 alcohol to lipids. However, in practice
his ratio is usually increased to 6:1 to raise the product yield [3].
atalysts commonly used in transesterification are:

. Alkali, such as sodium hydroxide, potassium hydroxide or alkali
methoxide, being potassium hydroxide considered the best for
the transesterification of fried oils [4]. This last catalyst is cur-

rently the most widely used for the production of biodiesel. The
major disadvantage of the alkaline transesterification is the sep-
aration of biodiesel and glycerine after the reaction due to the
formation of soaps produced in the reaction [5]. Also, the free
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fatty acids (FAA) content in the oil used to obtain biodiesel must
be less than 0.5% in order to obtain yields higher than 99% [6].

2. Acids, such as sulphuric or sulphonic acids. Iron sulphate has also
been used recently. Acid-catalyzed transesterification is more
suitable for waste or unrefined oil [7]. This process is not very
appealing because the transesterification reaction is slow com-
pared to the alkali-catalyzed one and increases the biodiesel
cost.

3. Enzymes, whose role in the biodiesel production is now being
determined as studies have started recently. Lipases, which are
derived from microorganisms such as fungi and bacteria [8], are
usually employed in this process. Lipases hydrolyze triglycerides
to fatty acid and glycerine. The enzymatic synthesis of biodiesel
is usually carried out in a temperature range of 20–60 ◦C. Once
the transesterification process is complete, the lower phase
(glycerine) is simply separated from the upper phase (biodiesel).
Neither deodorization nor neutralization of the product is nec-
essary [9]. These advantages are the reason why enzymatic
catalysts are proposed more and more for the production of
biodiesel.

Enzymatic synthesis of biodiesel can be carried out either
in organic solvents or in solvent-free. Lipases catalyze not only
hydrolysis, but also esterification and transesterification of triacyl-
glycerols with lipase thus it is considered one of the more effective
reactions for production of biodiesel fuel from waste edible oil [10].
Studies commonly include enzymatic transesterification optimiza-

tion variables such as type of solvent, temperature, pH, and type
of microorganism that produces the enzyme to be used in the pro-
cess. However, the reaction yields as well as the reaction times are
still unfavourable compared to the base-catalyzed reaction systems
[11] because of deactivation of the enzyme [12,13].
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Table 1
Waste frying oil characterization.

Properties Unit WFO

Acid value mg KOH/g oil 1.35
Saponification value mg KOH/g oil 180.79
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Iodine value mg I2/100 g oil 93.20
Water content % 0.044
Density g/ml 0.96
Molecular weight g/mol 940.01

In Europe, the main raw material for the biodiesel production is
apeseed oil. Its transesterification with methanol and ethanol (in
ystems with organic solvents) has been catalyzed by lipases from
ucor miehi [12] and Mucor circinelloides. In solvent-free systems

ransesterification of rapeseed oil with methanol have been cat-
lyzed by lipases from Thermomyces lanuginosa (lipozyme TL IM),
. circinelloides and others [9].

The major disadvantage of biodiesel is the cost of raw material
nd also the fact that these materials are intended primarily for food
roduction. Therefore, an alternative is to obtain biodiesel from
sed cooking oil. Regarding the raw materials to obtain biodiesel,
aste cooking oils are available at relatively low cost, compared

o fresh vegetable oil, and can be used for biodiesel production [2].
oreover, the use of waste cooking oil as a biodiesel source can lead

o a potential reduction of the CO2, particulate matter and other
reenhouse gases as the carbon contained in biomass-derived fuels
s largely biogenic and renewable [14].

Bearing in mind these considerations, the aim of the present
tudy is to investigate the deactivation of free and immobilized
ipases in solvent-free media when they are used for the alcoholysis
f waste frying oil in different reaction conditions. The deactivation
tudies will be based on the reaction yield.

. Methods

.1. Materials

The waste frying oil (WFO) was procured from local restau-
ants. Samples were mixed to obtain a homogenous oil mixture.
he samples of waste frying oil were filtered to remove the sus-
ended matter. The results of the oil characterization are illustrated

n Table 1. The fatty acid composition of the samples (Table 2) was
btained by gas chromatography according to Section 2.3.
Commercial enzymes used were: free Candida antarctica lipase
(Calb L), with an activity of 5000 LU/g (laurate units/g), and C.

ntarctica lipase B immobilized on acrylic resin (Novozym 435),
ith an activity of 10000 PLU/g (propyl laurate units/g), both pro-

ided by Novozymes A/S (Denmark). Methanol and 2-propanol

Table 2
Fatty acid composition (wt%) of methyl esters prepared from
the WFO.

Component Composition (wt%)

C6:0 0.067
C8:0 0.094
C12:0 0.001
C14:0 0.474
C16:0 9.203
C16:1 0.892
C17:0 0.846
C18:0 4.636
C18:1 53.940
C18:2 26.697
C18:3 0.357
C20:0 0.269
C20:1 0.316
C20:2 0.428
C22:2 0.809
ng Journal 166 (2011) 358–361 359

were used as acyl-acceptor and were supplied by Panreac. Stan-
dard fatty acid methyl esters were taken as reference and purchased
from Supelco. All other chemicals were obtained commercially and
were of analytical grade.

2.2. General procedure for transesterification process

The enzymatic transesterification reactions were carried out in
a test tube that contained 2 g of waste frying oil, 0.2 g of enzyme
(Novozyme 435 or Lipozyme Calb L) (10%) and different alcohol-to-
oil molar ratios. The molar amount of the oil was calculated from
the saponification value. In order to reduce the enzyme deactiva-
tion, alcohol-to-oil molar ratios under the stoichiometric ratio were
used. The reaction was carried out in an incubator at 50 ◦C for 8 h
with constant stirring at 150 rpm. Additional experiments were car-
ried out to analyze the influence of different parameters, such as
alcohol to oil molar ratio and reaction time, on enzyme activity.

At the end of the reaction period, 500 �l were taken from the
reaction mixture and centrifuged in order to obtain the upper layer
that was analyzed by gas chromatography.

2.3. Analytical procedure

The methyl and propyl ester contents were quantified using a
gas chromatograph Agilent 6890N connected to a forte BP-20 capil-
lary column (0.25 mm × 30 m) from SGE. The temperature program
was as follows: 155 ◦C for 1 min and programmed from 155 to
180 ◦C at a rate of 2 ◦C/min, kept for 2 min, and finally raised to
220 ◦C at 4 ◦C/min and maintained for 6 min. The injector was set
up for 250 ◦C and the FID detector at 260 ◦C. Nitrogen was used
as carrier gas, at constant flow of 1.6 ml/min. Methyl and propyl
heptadecanoate were used as an internal standard [15].

The fatty acid composition of the WFO was determined by gas
chromatography measurement of fatty acid methyl esters prepared
by transmethylation with trimethylsulfonium hydroxide: 10 mg
of oil were dissolved in 500 �l of methyl t-butyl ether and then
adding 500 �l of a methanol solution of 0.2 mol/l trimethylsulfo-
nium hydroxide. Fatty acid methyl esters obtained were quantified
according the chromatographic method previously described.

3. Results and discussion

As said in Section 1, the aim of this study is to analyze the influ-
ence of the type of alcohol and other reaction parameters on the
free and immobilized enzyme deactivation taking into account the
obtained conversion of methyl esters.

For a better comparison between the obtained methyl esters
yield, the experience with the highest methyl esters percentage
(Novozyme 435 in presence of 1:2 methanol to oil molar ratio) has
been defined by as a reference for the relative calculations. Then,
relative activity represents the percentage of the methyl ester yield
obtained in each experience with respect to the reference experi-
ence.

First of all, some experiences were carried out in order to check
the effect of reaction time on the relative activity of both enzymes
during the transesterification process using methanol like acyl
acceptor. The reaction was carried with a shortage of methanol
(1:40 methanol to oil molar ratio) and 0.2 g of enzyme (Fig. 1). Alco-
hol under the stoichiometric ratio (1:3) was used in order to reduce
the enzyme deactivation, since excess alcohol levels may inhibit the

enzyme activity and thereby decrease its catalytic activity toward
the transesterification reaction.

The results show that the relative activity is higher when the
enzyme is immobilized. These results agree with the study of
Ranganathan et al. [16] who explains that the immobilization of
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Fig. 1. Effect of reaction time.
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Fig. 3. Comparison of alcohol type: (a) 2-propanol and (b) methanol.
Fig. 2. Effect of methanol to oil molar ratio: (a) 1:2 and (b) 1:40.

ipases in a suitable biomass support particle results in considerable
ncrease in efficiency.

In the case of free enzyme the relative activity decreases with the
ime. This behaviour could be assigned to different causes: (i) the
nzyme deactivation or (ii) the amount of methanol is not enough in
rder to carry out the reaction. However, if the latter was the cause,
he same influence should have also been observed in experience
ith immobilized enzyme.

So as to prove the enzyme deactivation by the methanol
resence, new experiences were carried out with a higher alco-
ol amount for both enzymes. Fig. 2 shows the relative activity
btained after 8 h of reaction with two methanol/oil molar ratios
1:2 and 1:40) for the same amount of the enzyme and waste fry-
ng oil that in previous experiments. It can be observed that, at
igher methanol concentration, the immobilized enzyme exhib-

ted very lower activity while the values for free enzyme do not
hange considerably. This means that low amounts of methanol
erve to deactivate the free enzyme whereas higher concentrations
f methanol are necessary to deactivate the immobilized enzyme.
alis et al. [17] found that C. antarctica lipase B is progressively inac-
ivated by methanol in amounts above 1/2 molar equivalent. Other
esearchers [18,19] have found that methanol inhibits the activity
f enzyme by due to the immiscibility between triglycerides and
ethanol [20] and alcohols with three or more carbon atoms could

mprove the activity of lipase [21].
In order to compare the influence of the type of alcohol on the

nzymatic deactivation, methanol and 2-propanol with the same
olar ratio (1:2 alcohol to oil) were employed as the acyl-acceptor.

he reaction was carried out for 8 h and it was observed that a lower

nzymatic deactivation (higher relative activity of enzymes) was
btained when 2-propanol is used as acyl-acceptor and immobi-
ized lipase is used as catalyst (Fig. 3). This is in agreement with the
esults showed by other authors [12,22] who found that immobi-
ized C. antarctica lipase was more efficient in the transesterification
Fig. 4. Effect of pretreatment with methanol: (a) without pretreament and (b) with
pretreatment.

with secondary alcohols, such as 2-propanol. Fig. 3 proves that the
degree of deactivation of immobilized enzyme with 2-propanol is
lower than this obtained with methanol. It is due to the fact that
the degree of deactivation is inversely proportional to the num-
ber of carbon atoms in the linear lower alcohols [19]. In addition,
the difference between the methanol and 2-propanol effect on
lipase deactivation is higher in immobilized enzyme than in free
enzyme where no difference is observed. This suggests that the
material used for immobilizing the enzyme, acrylic resin, could
adsorb primary alcohols such as methanol more easily than sec-
ondary alcohols such as propanol. When the alcohol is adsorbed to
the immobilized enzyme, the entry of triglycerides is blocked and
the enzyme deactivation is enhanced, causing the reaction to stop
[23]. The experimental results obtained by these authors indicated
that one of the main causes of deactivation of the enzyme was due
to the immiscibility between triglycerides and methanol.

With the purpose of determining the influence of the alcohol
adsorption on the enzyme deactivation, some experiences were
carried out after a previous enzyme treatment. In the first step, both
enzymes (Novozyme 435 and Lipozyme Calb L) were completely
covered with methanol or 2-propanol for 72 h. Then, the enzymes
were removed from the alcohol by vacuum filtration. Finally, the
pretreated enzymes were used in transesterification reactions. The
reaction was carried out for 8 h with a 1:40 alcohol to oil molar
ratio.

Figs. 4 and 5 show the effect of pre-treatment with methanol

or 2-propanol on the activity of both enzymes, respectively. In all
cases analyzed here, unpretreated lipases exhibited higher relative
activity than pretreated lipases, although this effect was less pro-
nounced for free enzyme. This seems logical since, for free enzyme,
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ig. 5. Effect of pretreatment with propanol: (a) without pretreament and (b) with
retreatment.

here are no diffusional barriers between the enzyme and the alco-
ol, and the deactivation occurs in the first hours of contact. Then
n additional contact time (above the 8 h of the reaction time)
oes not cause a proportional increase in the enzyme deactiva-
ion.

By contrast, when the lipase is immobilized, mass transfer lim-
tations from the bulk of the fluid to the active sites in the catalyst
lay a significant role in the adsorption process [24]. Transfer steps

nvolve the transfer or diffusion of the alcohols to the catalyst sur-
ace and also into the pores of the catalyst [25]. So a higher time
o treatment may raise the enzyme deactivation by increasing the
lcohol penetration in the catalyst pellets. This behavior can be
een in Figs. 4 and 5 where pretreated immobilized lipase shows a
ower activity because of the fact that the longer the contact time,
he greater the enzyme deactivation. As shown in these figures,
his effect is more pronounced for the methanol pretreated sample
n comparison with 2-propanol pretreated sample. This confirms
nce again that acrylic resin used for immobilizing the enzyme
eems to adsorb primary alcohols more easily than secondary alco-
ols.

. Conclusions

In this work, the effect of two different acyl acceptors, methanol
nd 2-propanol, on the enzyme activity during biodiesel production
as investigated. From the obtained results, it could be concluded

hat the deactivation of immobilized enzyme is lower than that of
he free enzyme for both alcohols. No influence of the type of alco-
ol was observed for free enzyme. However, the use of methanol
s the acyl acceptor produces a stronger effect of deactivation on

he immobilized enzyme than the use of 2-propanol. This is due
o the increase adsorption of methanol on catalyst pellets which
roduces a higher inhibitory effect on the enzyme activity. There-
ore, 2-propanol seems to be more appropriate than methanol to
se as acyl acceptor in the transesterification of waste frying oil as

[

[
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it produces a lower enzymatic deactivation on C. antarctica lipase
immobilized on acrylic resin.

References

[1] D. Bajpai, V.K. Tyagi, Biodiesel. Source, production, composition, properties and
its benefits, J. Oleo Sci. 55 (2006) 487–502.

[2] P.T. Vasudevan, M. Briggs, Biodiesel production—current state of the art and
challenges, J. Ind. Microbiol. Biotechnol. 35 (2008) 421–430.

[3] J.M. Encinar, J.M. Gonzales, A. Rodrguez-Reinares, Biodiesel from used frying
oil. Variables affecting the yields and characteristics of the biodiesel, Ind. Eng.
Chem. Res. 44 (15) (2005) 5491–5499.

[4] A.N. Phan, T.M. Phan, Biodiesel production from waste cooking oils, Fuel 87
(2008) 3490–3496.

[5] O. Köse, M. Tüter, H.A. Aksoy, Immobilized Candida antarctica lipase-catalyzed
alcoholysis of cotton seed oil in a solvent-free médium, Bioresource Technol.
83 (2002) 125–129.

[6] L.C. Meher, D. Segar, D. Vydia, Technical aspects of biodiesel production by
transesterification: a review, Renew. Suistain. Energy Rev. 10 (2006) 248–268.

[7] N.U. Soriano, Venditti Jr.H., D.S. Argyropoulos, Biodiesel synthesis via homoge-
neous Lewis acid-catalyzed transesterification, Fuel 88 (2009) 560–565.

[8] K. Jaeger, T. Eggert, Lipases for biotechnology, Curr. Opin. Biotechnol. 13 (2002)
390–397.

[9] M.S. Antczak, A. Kubiak, T. Antczak, S. Bielecki, Enzymatic biodiesel synthe-
sis – key factors affecting efficiency of the process, Renew. Energy 34 (2009)
1185–1194.

10] Y. Shimada, Y. Wanatable, A. Sugihara, Y. Tominanga, Enzymatic alcoholysis
for biodiesel fuel production and application of the reaction to oil processing,
J. Mol. Catal. B: Enzym. 17 (2002) 133–142.

11] U. Schuchardt, R. Sercheli, R.M. Vargas, Transesterification of vegetable oils. A
review, J. Braz. Chem. Soc. 9 (1998) 199–210.

12] L.A. Nelson, T.A. Flogia, W.N. Marmer, Lipase-catalyzed production of biodiesel,
J. Am. Oilchem. Soc. 73 (1996) 1191–1195.

13] W. Du, Y.-Y. Xu, D.-H. Liu, Z.-B. Li, Study on acyl migration in immobilized
lipozyme TL-catalyzed transesterification of soybean oil for biodiesel produc-
tion, J. Mol. Catal. B: Enzym. 37 (2005) 68–71.

14] A.B. Chhetri, K.C. Watts, M.R. Islam, Waste cooking oil as an alternate feedstock
for biodiesel production, Energies 1 (2008) 3–18.

15] European Standard EN 14104. Fat and oil derivatives. Fatty Acid Methyl Esters
(FAME). Determination of acid value. CEN – European Committee for Stan-
darization, Brussels, Belgium, 2003.

16] S.V. Ranganathan, S.L. Narasimhan, K. Muthukumar, An overview of enzymatic
production of biodiesel, Bioresource Technol. 99 (2008) 3975–3981.

17] A. Salis, I. Svensson, M. Monduzzi, V. Solinas, P. Adlercreutz, The atypical lipase
B from Candida antarctica is better adapted for organic media than the typi-
cal lipase from Thermomyces lanuginosa, Biochim. Biophys. Acta 1646 (2003)
145–151.

18] T. Samukawa, M. Kaieda, T. Matsumoto, K. Ban, A. Kondo, Y. Shimada, H. Noda,
H. Fukuda, Pretreatment of immobilized Candida antarctica lipase for biodiesel
fuel production from plant oil, J. Biosci. Bioeng. 90 (2000) 180–183.

19] J.W. Chen, W.T. Wu, Regeneration of immobilized Candida antarctica lipase for
transesterification, J. Biosci. Bioeng. 95 (5) (2003) 466–469.

20] K.B. Bako, F.C.S. Kova, L. Gubicza, J.K. Hansco, Enzymatic biodiesel production
from sunflower oil by Candida antarctica lipase in a solvent free system, Biocatal.
Biotransform. 20 (2002) 437–439.

21] M.K. Modi, J.R.C. Reddy, B.V.S.K. Rao, R.B.N. Prasad, Lipase mediated transfor-
mation of vegetable oils into biodiesel using propane-2-ol as acyl acceptor,
Biotechnol. Lett. 28 (2006) 637–640.
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