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Abstract

Methyl acetate, a novel acyl acceptor for biodiesel production has been developed, and a comparative study on Novozym 435-catalyzed
transesterification of soybean oil for biodiesel production with different acyl acceptors was conducted and reported in this paper. Methanol
has a serious negative effect on enzymatic activity. A molar ratio of methanol to oil of above 1:1 leads to serious inactivation of the enzyme.
However, when methyl acetate was used as the acyl acceptor, a yield of 92% of methyl ester could be obtained with a molar ratio of methyl
acetate to oil of 12:1, and methyl acetate showed no negative effect on enzymatic activity. Additionally, with crude soybean oil as the oil
source and methanol as acyl acceptor, a much lower methyl ester yield was obtained than that with refined soybean oil, while with methyl
acetate as acyl acceptor, an equally high yield of methyl ester (92%) was achieved for both soybean oils. Lipase loses its activity very rapidly
during repeated experiments with methanol as the acyl acceptor, while there is almost no detected loss in lipase activity, even after being
continuously used for 100 batches, when methyl acetate was used for biodiesel production. Moreover, the by-product triacetylglycerol is
an important chemical with a higher value than glycerol, and this novel acyl acceptor seems very promising for lipase-catalyzed large-scale
production of biodiesel.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Biodiesel; Lipase; Methyl acetate; Transesterification; Interesterification

1. Introduction hydrocarbons, soot and, under some conditions, nitrogen
oxides[3—7].

Biodiesel (fatty acid methyl esters), which is produced  Utilization of lipase as a catalyst for biodiesel fuel pro-
by transesterification of triglycerides with methanol (i.e. duction has a great potential compared with chemical meth-
methanolysis), has become increasingly important due toods using alkaline catalyst because no complex operations
diminishing petroleum reserves and the environmental con-are needed not only for the recovery of glycerol but also
sequences of exhaust gases from petroleum-fueled engine@ the elimination of catalyst and sdlt—7]. Usually some
[1,2]. The attractive features of biodiesel fuel are: it is short-chain alcohols like methanol are adopted as the acyl
plant-derived, not a fossil fuel, and as such, its combus- acceptor for biodiesel production. However, excess methanol
tion does not increase current net atmospheric levels ofwould lead to inactivation of enzyme and glycerol, as a ma-
carbon dioxide, a greenhouse gas. Additionally, it can be jor by-product, could block the immobilized enzyme result-
domestically produced, offering the possibility of reducing ing in low enzymatic activity. These problems could be the
petroleum imports; it is biodegradable and relative to con- limitations for industrial production of biodiesel with en-
ventional diesel fuel, its combustion products have reduced zymes as cataly$td—12].
levels of particulates, carbon monoxide, sulfur oxides, A novel acyl acceptor for biodiesel production, methyl

acetate, has been developed, and with this novel acyl ac-
ceptor, no glycerol is produced in the proceSsieme L
PPN ) A comparative study was carried out on the Novozym
 Corresponding author. Tel+86-10-62772130; 435-catalyzed transesterification of soybean oil with
fax: +-86-10-62794742.
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Scheme 1. Biodiesel production by interesterification with methyl acetate.

2. Materials and methods percentage of methyl ester yield at given time compared to
the maximum methyl ester yield, which was 100% when
2.1. Materials methyl acetate was used for biodiesel production.

Refined and crude soybean oil sources were obtained ; L
2.4. Effect of methyl acetate on enzymatic activit
locally and Candida antarcticaB lipase, immobilized on v y

acrylic resin (Novozym 435), was a gift from Novo In-
dustries (Denmark). Palmitic acid methyl ester, stearic acid
methyl ester, oleic acid methyl ester, linoleic acid methyl

Effect of methyl acetate on enzymatic activity has been
realized by keeping the lipase within methyl acetate for 100 h
) i X X . .and then the interesterification has been carried out using
ester, linolenic acid methyl ester, a”‘?' heptadecanoic aCIdthe pretreated lipase. The change in enzymatic activity was
methyl ester were purchased from Sigma and were Chro'meas;ured by comparing the methyl ester yield given by the

matograp_hlcally pure. All other _chem|cals were obtained lipases before pretreatment and after pretreatment in methyl
commercially and were of analytical grade. acetate

2.2. General procedure with methanol for biodiesel )
production 2.5. Analytical procedure

The enzymatic transesterification reactions were carried "€ methyl ester contents in the reaction mixture were
out in a 50-ml shaking flask and were heated to°’@0 quantified using a GC-14B gas chromatogrqph (Shimadzu
on a reciprocal shaker. The reaction mixtures consisted of CO'P-» Kyoto) connected to a HP-5 capillary column
9.65 g soybean oil, 4% Novozym 435 (based on oil weight) (0.1 mmx 10 m; Hewlett-Packard, Waldron, Ge_rmany). The
and 1molar equivalent of methanol. Fifty-microliter sam- column temperature was kept at T&for 0.5 min, heated
ples were taken from the reaction mixture at specified times [0 300°C at 10°C/min, and then maintained for 10 min.
and centrifuged to obtain the upper layer. Five microliters 1he temperatures of the injector and detector were set at
of the upper layer and 3Qd of 1.4 mM heptadecanoic acid 24> and 305C, respectively.
methyl ester (served as the internal standard), were precisely
measured and mixed thoroughly for gas chromatography
analysis. The residual activity of the lipase was defined as 3. Results and discussion
percentage of methyl ester yield at given time compared to
the maximum methyl ester yield, which was 100% when 3.1. Effect of different acyl acceptors on biodiesel
3 molar equivalent methanol (three-step addition) was usedproduction
for biodiesel production.

A lot of studies on alcoholysis of triacylglycerides (TAGS)

2.3. General procedure with methyl acetate for biodiesel with lipases have been reported, and it has been found that
production too much methanol would lead to serious inactivation of li-
pas€5-13]. Indeed, when the methanolysis of vegetable oil

The enzymatic interesterification reactions were carried was conducted with Novozym 435, the lipase was inactivated
out in a 50-ml shaking flask and were heated t6@®dn a seriously in the presence of 1 equivalent molar of methanol
reciprocal shaker. The reaction mixtures consisted of 9.65 gin the reaction medium. This was thought to be caused by
soybean oil, 30% Novozym 435 (based on oil weight) and the contact between lipase and insoluble methanol, which
12 molar equivalent of methyl acetate. Fifty-microliter sam- existed as drops in the oiF{g. 1).
ples were taken from the reaction mixture at specified times Methyl acetate was chosen as a novel acyl acceptor for
and centrifuged to obtain the upper layer. Five microliters biodiesel production and the effect of substrate ratio on
of the upper layer and 3Qd of 1.4 mM heptadecanoic acid  biodiesel production was investigateeid. 2). The highest
methyl ester (served as the internal standard) were preciselymethyl ester yield of 92% could be obtained at a 12:1 molar
measured and mixed thoroughly for gas chromatography ratio of methyl acetate to oil. Either higher or lower methyl
analysis. The residual activity of the lipase was defined as acetate content decreased methyl ester yield to some degree.
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Fig. 1. Effect of short-chain alcohols on the transesterification of soybean 0 |
oil. Reaction conditions: 150 rpm; 4C; 4% Novozym 435 based on oil 80
weight; methanol/oil molar ratio: 3:1@), 2:1 (A), 1:1 (A). t(hr)

Fig. 3. Biodiesel production from refined and crude soybean oil by

Methyl acetate had no negative effect on enzyme activity, three-step addition of metha_nol. Reaction condltprys."G'l,O 150rpm,
molar ratio of methanol to oil 1:1 (three-step addition just as arrows

WhICh has_ been demo_nStrated _by measuring the _methyl es1ndicating), 4% Novozym 435, refined soybean dll)( crude soybean
ter yield given by the lipase, which has been kept in methyl o ().
acetate for 100 h and there was no difference in the reac-

tion rate between the lipases before pretreatment and after 100
pretreatment in methyl acetate. Excess methyl acetate (over
16:1) led to an excessive dilution of oil resulting in a re- 80 -
duced methyl ester yield.
60 [
3.2. Effect of different acyl acceptors on biodiesel
production from crude soybean oil

Methy! ester yield (%)

The cost of oil sources accounts for a large part in the
production of biodiesel, and a crude soybean oil source was
also explored for biodiesel production with different acyl 0 2 4 6 8 0 12 14
acceptors. When methanol was used as the acyl acceptor, t(hn)
the reaction rate of crude soybean oil was much lower than gy 4 giodiessl production from refined and crude soybean oil with
that with the refined one just as shownFig. 3. This phe- methyl acetate as the acyl acceptor. Reaction conditions: 40°C, 150 rpm,
nomenon has also been found by some other researchers andethyl acetate/oil 12:1, 30% Novozym 435, refined soybean oil (H),
it was thought to be due to the inhibitive effect on the enzy- crude soybean oil (LJ).
matic activity caused by lipids existing in crude oil sources
[13]. of 92% just as high as that with the refined soybean oil

However, it has been found in our research that when (Fig. 4). It might be due to more methyl acetate present in the
methyl acetate is used as the acyl acceptor for biodieselreaction medium resulting in dilution effect of lipidsin crude
production, crude soybean oil could give methyl ester yield oil sources, and less concentration of lipids could contribute

to less negative effect of the lipids on enzymatic activity.
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Fig. 2. Effect of substrate ratio of methyl acetate to oil on biodiesel

production. Reaction conditions: 4@, 150 rpm, 30% Novozym 435 based  Fig. 5. Operational stability of lipase with methanol as the acyl acceptor.
on oil weight; methyl acetate/oil molar ratio: 6:@f, 8:1 (@), 10:1 (&), Reaction conditions: three-step addition of methanol, 150rpm, 40°C, 4%
12:1 (@), 16:1 (), 24:1 O). Novozym 435.
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Fig. 6. Operational stability of lipase with methyl acetate as the acyl acceptor. Reaction conditions: methyl acetate/oil molar ratio 12:1, 150rpm, 40°C,

30% Novozym 435.

3.3. Effect of different acyl acceptors on lipase activity
during repeated experiments

It has been demonstrated that there were several advan-
tages with methyl acetate used for biodiesel production
compared to methanol. However, asit could be noticed that
the reaction rate was much lower with methyl acetate than
that with methanol and accordingly more lipase used just
as shown in the above studies. From an economic point
of view, the cost of lipase accounts for a large part in the
cost of biodiesel production. So, the stability and activity
of the lipase during the repeated experiments are of great
significance.

When methanol was adopted for biodiesel production, it
has been found that lipase exhibited poor activity during the
repeated experiments, which might be due to the inactivation
effect caused by methanol and the negative effect caused by
by-product glycerol absorbed on the surface of the immo-
bilized lipase. This phenomenon has aso been observed by
some other researchers [13-15] (Fig. 5).

However, when methyl acetate was used as the acyl
acceptor, there was no glycerol produced in the reaction
system and lipase was recycled directly for the repeated
reaction without any additional treatment. Continuous oper-
ation with methyl acetate as the acyl acceptor for biodiesel
production within 0.5L bioreactor has been carried out
and it has been found that there was no observable loss in
enzymatic activity even after 100-cycle reaction (Fig. 6).

Chemical processes have been industrialized for large-
scale production of biodiesel; however, there are some un-
avoidable drawbacks associated with chemical processes
such as being energy intensive, the need for removal of al-
kaline catalyst from the product and treatment of akaline
wastewater (usually alkaline used most in chemical pro-
cesses). Especialy when waste oils were used for biodiesel
production, relatively high content of free fatty acid and wa-
ter contained in waste oils would cause serious side reac-
tion such as saponification and this would have some serious
negative effect on biodiesel production. To solve this prob-
lem, usually some complicated measures were taken for the

pretreatment of waste oils. However, with enzymatic meth-
odsfor biodiesel production, the above-mentioned problems
could be avoided.

From an economic point of view, enzymatic approaches
have not been industrialized, which is mostly dueto the rel-
atively high cost of the lipase. Therefore reducing the cost of
catalyst or improving the operational life of the lipase is the
key issue. With traditional enzymatic methods for biodiesel
production in which short-chain alcohols such as methanol
are used asthe acyl acceptor, the lipaseisrapidly deactivated
during repeated experiments and this short operational life of
the lipase leads to high cost of the catalyst in the production
of biodiesel. However, with methyl acetate asthe acyl accep-
tor, there is no loss detected in enzymatic activity even after
being continuously used for 100 cycles and this significant
improvement in lipase operational life could contribute alot
to the reduction of biodiesel production cost. Additionally,
when methy| acetateis used asthe acyl acceptor for biodiesel
production, triacetylglycerol instead of glycerol would be
produced as one of the by-products in the process and it has
been demonstrated that triacetylglycerol had no negative ef-
fect on the reaction (while glycerol would block the active
site of the lipase resulting in a serious negative effect on li-
pase activity and stability). Moreover, triacetylglycerol hasa
higher value than glycerol and 25% triacetylglycerol (based
on oil weight) would be produced in the process, which
could contribute a lot to the reduction of production cost.

4. Conclusion

In the production of biodiesel, enzymatic activities were
influenced seriously by traditional acyl acceptors such as
methanol and lipase expressed poor activity during the re-
peated experiments, however, methyl acetate, a novel acyl
acceptor, showed no negative effect on enzymatic activity
and lipase could be reused directly without any additional
treatment. There is no loss detected in enzymatic activity
even after being continuously used for 100 batches, and
this significant improvement in lipase operational life would
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reduce the cost of the catalyst dramatically. Additionally,
with crude soybean oil as the oil sources, methanol gave
much lower methyl ester yield than that with the refined
soybean oil sources, while methyl acetate could give methyl
ester yield of 92% just as high as that with the refined one.
What's more, with methyl acetate for biodiesel production,
by-product triacetylglycerol would be produced instead of
glycerol, which has much higher value than glycerol. There-
fore, it could be concluded that this novel acceptor seems
very promising for lipase-catalyzed large-scale production
of biodiesdl.
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