
Introduction
Terpene esters are very important aroma compounds.
Currently, most of the flavor components are provided
by traditional methods which include chemical synthesis
or extraction from natural sources (Schindler and
Schmid, 1982; Craveiro and Queiroz, 1993). With the
increasing demand for natural products, the flavor
industry is interested in the use of biotechnology to
produce natural flavors. In this context, it is not
surprising that a great deal of research has been dedi-
cated to the use of lipases for the production of flavor
esters (Welsh et al., 1989; Langrand et al., 1988, 1990;
de Castro and Anderson, 1995). 

Various lipases are able to catalyze synthesis of esters
either by esterification or interesterification reactions
(Welsh et al., 1989). However, synthesis of terpene
acetate by simple esterification usually display very low
yields (Claon and Akoh, 1993, Razafindralambo et al.,
1994; Fonteyn et al., 1994). According to these
researchers, the presence of acetic acid in the reaction
medium can damage either the hydration layer-protein
interaction or the overall enzyme structure and causing
reaction inhibition. 

Our previous results (Napoleão and de Castro, 1995;
Napoleão et al., 1995) also showed that it was more
difficult to prepare acetates in similar conditions than
their homologous (butyrates, pentanoates, myristates)
for which the yields attained around 100% (de Castro
et al., 1996). Since acetate esters are considered as

important flavors, several attempts have been made to
minimize the inhibitory effect of acetic acid on lipase
esterification activity, including mainly the use of alco-
holysis reactions (Claon and Akoh, 1994a, 1994b). Here
we reported additional work on this matter, by replacing
the high polar acyl donor (acetic acid) with a moderate
one. The goal was to determine the better approach for
the production of citronellyl acetate by using a commer-
cial immobilized lipase preparation. As far as the
production of this ester is concerned, it is possible to
conceive three approaches:

1. Ester synthesis
citronellol + acetic acid ® citronellyl acetate +
H2O

2. Alcoholysis
citronellol + butyl acetate ® citronellyl acetate +
butanol

3. Transesterification 
citronellyl butyrate + butyl acetate ® citronellyl
acetate + butyl butyrate 

The enzyme preparation chosen for this study was
Novo’s Lipozyme, which is a fungal lipase from Mucor
miehei immobilized on macroporous synthetic resin
(Novo, 1986). This enzyme has been used in our labo-
ratory for over four years now (de Castro et al., 1992),
and its use has become very widespread. Advantages of
using a standard enzyme preparation are first and fore-
most ease of comparison of results; the convenience of
use of the preparation is also another factor.
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Three different approaches for lipase catalysed synthesis of citronellyl acetate by a commercial available immobi-
lized lipase have been studied: a) direct esteriÞcation reaction of citronellol with acetic acid; b) alcoholysis of butyl
acetate with citronellol and c) transesteriÞcation of citronellyl butyrate with butylacetate. Heptane was used as solvent
for all the experiments. The extent of reaction occurred in the order alcoholysis > transesteriÞcation > esteriÞcation.
Substrate partitioning between the immobilization support and the organic medium seems to greatly inßuence the
catalytic performance of this enzyme preparation. Production of citronellyl acetate, was found to be dependent on
the partition coefÞcient of the acyl donor which account the greatest value for the acetic acid.
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Materials and methods
The enzyme, Lipozyme IM20 having an activity of 24
BIU/g (1 BIU corresponds to 1 mmol of palmitic acid
incorporated into triolein per min, at standard condi-
tions) was kindly provided by Novo Nordisk (Denmark)
and used as supplied (10% w/w moisture content).
Reactants (RS – citronellol, acetic acid and butyl
acetate) were from Sigma. Citronellyl butyrate was
prepared in our laboratory following methodology of
Costa et al. (1995). All substrates were dehydrated
before use, with 0.32 cm molecular sieves (aluminum
sodium silicate, type 13, X-BHD Chemicals, Canada).
Dry n-heptane, dried over molecular sieves, was used as
the solvent for all experiments. Batch runs were carried
out at 30°C in capped 100 ml glass vials, with recip-
rocating agitation (150 rpm). The substrate consisted
of 0.10 M of the acyl donor and 0.10 M of citronellol,
except when the molar ratio was an experimental vari-
able. The reactions were monitored by measuring the
reactant concentrations by gas chromatography using a
6 ft 5% DEGS On Chromosorb WHP, 80/10 mesh
column (HP, USA). Water concentrations in the liquid
and solid phases were measured by coulometric Karl
Fischer Titrometry using a Moisture Meter Model DL.
The results were evaluated by calculating the conver-
sion rates, as follows.

C0 – C
Conversion rate (%) = ——— 3 100 (1)

C0

where: C0 = Initial concentration of the reactant and 
C = Concentration of reactant at a given time.

Estimation of partition coefÞcients
The partition coefficients (Lipozyme/external organic
solvent) of citronellol, acetic acid, butylacetate and
citronellyl butyrate were estimated according to the
following equation (Dias et al., 1991):

C0 – C V0
Partition coefficient (%) = ——— 3 ——— (2)

C V – V0

Partition experiments were conducted under the same
conditions as their reaction counterparts. In order to
estimate the Lipozyme volume (V-Vo), a calibration
curve volume of Lipozyme vs. mass of the Lipozyme was
established [volume of matrix (cm3) = 0.41 3 mass of
Lipozyme (g) – 0.025].

Results and discussion
As shown in Figure 1A, little ester synthesis occurred,
although conversion rates of the reaction was very
dependent on the enzyme concentration. Maximum
conversion of 27% were achieved in 24 hours for high
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Figure 1a Inßuence of the enzyme concentration on the
production of citronellyl acetate by esteriÞcation reaction of
citronellol 0.1 M and acetic acid 0.1 M.

Figure 1b Alcoholysis reaction of citronellol 0.1 M and
butyl acetate 0.1 M.



enzyme concentrations (over 55 mg/ml). For reactions
carried out with lower enzyme concentrations (10 and
25 mg/ml), there was a dramatic increase in the water
content at the point where the synthesis stopped.
Inhibition of the enzyme activity was also detected when
acetic acid was limited the reaction. Citronellol conver-
sion rates obtained at molar ratios of citronellol and
acetic acid of 1:0.5 and 1:0.2 were 10 and 5%, respec-
tively. These results suggested that even at low concen-
trations, the acetic acid has a major contribution to the
overall water content in the reaction mixture so that
the reaction can only take place with high proportion
of Lipozyme.

The use of other acyl donor with moderate polarity such
as butylacetate instead of acetic acid in similar reaction
conditions causes a positive change in the catalytic
activity. Higher conversion rates (45%) were attained
in the presence of equimolar amounts of reactants at
levels of Lipozyme above 40 mg/ml (Figure 1B). 

As far as the transesterification approach is concerned,
a competitive factor between the acyl donor and acyl
receptor slowed down the reaction rate. Even though

this approach showed an intermediate performance
(Figure 2).

Since the reaction rate was highly dependent upon the
hydration state of the enzyme preparation, which was
greatly modified by the nature of the substrate, it is
expected that high polarity reactant would have a great
influence on the reaction performance.

This polarity is usually characterized by the logarithm of
the partition coefficient in an octanol/water two phase
system (log P). Although log P values can be easily cal-
culated on the basis of the hydrophobic fragments con-
stants, the partition coefficient of compound in aqueous
two-phase system is influenced by a large number of
parameters, which do not act independently, therefore
calculation of the partition coefficient have to be found
by experimentation. In order to determine the polarity
of the reaction medium, partition coefficients of each
reactant used in this work were calculated experimentally
by using the relation previously described (equation 2).
The equilibrium concentrations were attained 2 hours
after the immobilized lipase were added to the organic
medium. As shown in Table 1, the partition coefficient
of acetic acid favor its migration to the enzyme prepara-
tion. This value is about 11 times higher than for
citronellol. Comparing to the other substrates used for
the alcoholysis and transesterification reactions, the par-
tition coefficient of the acyl donors in relation to the 
acyl receptors were about 0.8 and 1.7, respectively.
According to the Yang and Robb (1994) , this ratio can
be designated as Ps (substrate partition coefficient) 
and has showed to interfere the enzyme activity. The
results obtained in this work, has confirmed the negative
relationship between enzyme activity and Ps (Figure 3),
that is, the higher the ratio of partition coefficient 
the lower the amount of product formed.

This may explain the low reaction rates attained for 
the esterification and transesterification reactions which
have high Ps values. These results also demonstrated
the absolute necessity to consider the polarity of the
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Figure 2 Formation of citronellyl acetate as a function of
the reaction type using equimolar amounts of reactants 
(0.1 M) and 10 mg of Lipozyme/ml.

Table 1 Partition coefÞcients matrix/heptane of
reactants estimated according to equation (2) at initial
bulk concentration of 0.1 M, 30¡C and 150 rpm 

Compound log P* Partition coefÞcient

Citronellol 3.9 0.60
Acetic acid Ð0.23 6.80
Butyl acetate 1.70 0.47
Citronellyl butyrate 5.9 0.28

*estimated according data from Laane et al., 1987.



reaction medium, because of its ability to modify the
water partition between the solid phase (enzyme prepa-
ration) and the liquid phase (substrate and product),
which results in drastic change in the enzyme activity.

Conclusion
Reaction efficiency is dictated by environmental para-
meters such as enzyme hydration, reaction temperature,
substrate concentration, substrate size and chemical
structure. Analysis of several of these factors have been
made for the synthesis of citronellyl acetate by running
a set of experiments. The results were explained by the
influence of the substrates on the hydrophilicity of the
bulk liquid phase. A close relationship between reac-
tant polarity and ester formation was obtained, there-
fore, alcoholysis was found to be the best strategy for
the production of citronellyl acetate using Novo’s

Lipozyme. The transesterification showed better perfor-
mance than the esterification reaction. Work is now in
progress in order to improve the yields achieved by the
alcoholysis route.

Acknowledgement
The authors gratefully acknowledge the Brazilian
Research Council (CNPq) for its financial support.

References
Claon, P.A. and Akoh, C.C. (1993). Biotechnol. Lett. 15,

1211–1216. 
Claon, P.A. and Akoh, C.C. (1994 a). Biotechnol. Lett. 16,

235–240.
Claon, P.A. and Akoh, C.C. (1994 b). J. Agric. Food Chem. 42,

2349–2352.
Craveiro, A. and Queiróz, D.C. (1993). Química Nova. 16,

224–229. 
Costa, S.A., Cortez, E.V. and de Castro, H.F. (1995). In: Anais

do 1° Congresso Brasileiro de Engenharia (COBEC-IC), São
Carlos-SP, 81–84.

de Castro, H.F., Anderson, W.A., Moo-Young, M. and Legge,
R.L. (1992). Progress in Biotechnology 8, 475–482.

de Castro, H.F. and Anderson, W.A. (1995). Qu[ac]imica Nova.
18, 544–554.

de Castro, H.F., Pereira, E.B. and Anderson, W.A. (1996). J.
Braz. Chem. Soc., 7, 1–6. 

Dias, S., Vilas-Boas, L., Cabral, J.M.S. and Fonseca, M.M.R.
(1991). Biocatalysis, 5, 23–29.

Fonteyn, F., Blecker, C., Lognay, G., Marlier, M., Severin, M.
(1994). Biotechnol. Lett. 16, 693–696.

Laane, C., Boeren, S., Hilhorst, R. and Veeger, C. (1987). In:
Biocatalysis in Organic Media (Laane, C., Tramper J. and Lilly,
M.D., eds.) Elsevier, Amsterdam, 65–84.

Langrand, G., Triantaphylides, C. and Baratti, J. (1988). Biotech.
Lett. 10, 549–554.

Langrand, G., Rondot, N., Triantaphylides, C. and Baratti, J.
(1990). Biotech. Lett. 12, 581–586.

Napoleão, D.A.S. and de Castro, H.F. (1995). In: Anais do Simpósio
de Iniciação Científica e Tecnológica de Pernanbuco (SICTEC-95),
Recife-Pe, 165.

Napoleão, D.A.S., Silva, F.J. and Castro, H.F. (1995) In: Anais
do 1° Congresso Brasileiro de Engenharia (COBEC-IC), São
Carlos-SP, 243–246.

Novo Nordisk Bioindustrials, Inc. (1986). Product Information,
B 347 b, GB.

Razafindralambo, H., Blecker, C., Lognay, G., Marlier, M.,
Wathelet, J.P. and Severin, M. (1994). Biotechnol. Lett. 16,
247–253.

Schindler, J. and Schmid, R.D. (1982). Process Biochemistry, 17,
2–8. 

Welsh, F.H., Murray, W.D. and Williams, R.E. (1989). Critical
Reviews in Biotechnology. 9, 105–169.

Yang, Z., Robb, D.A. (1994). Biotechnol. Bioeng. 43, 365–370.

1

1

1

1

1

1

H.F. de Castro et al.

232 Biotechnology Letters · Vol 19 · No 3 · 1997

Figure 3 Relation between product formed in 24 h,
obtained with Lipozyme incubation in different substrates at
equimolar amounts of reactants (0.1 M), and the ratio of
partition coefÞcients (Ps).
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