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ALCOHOLYSIS OF CITRONELLYLL BUTYRATE CATALYZED BY
LIPASE TO PRODUCE CITRONELLOL

Abstract
The biotransformation of citronellyl butyrate into citronellol was studied by immobilized lipase Lipozyme (Mucor

miehi) under different reaction conditions. In the first set of experiments, the alcohol chain length was shown to have
influence on the citronellol formation. Based on these data, the system heptanol and citronellyl butyrate was selected for
further study. A 23 full factorial design leading to 8 sets of assays, performed in duplicate, was conducted to study the
influence of different variables, namely water adsorbent concentration, initial lipase concentration and heptanol/citronellyl
butyrate molar ratio. The maximum predicted value for citronellol yield (44.64%) was achieved with substrate containing
heptanol in excess and 30% (w/w) biocatalyst concentration in the absence of water adsorbent. © 2001 Altaga. all rights
reserved.
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Resumen
La biotransformacción de butirato de citronila en citronelol se estudió usando la lipasa de Mucor miehi inmovilizado.

En la primera serie de experimentos, se observó la influencia de la longitud de cadena del alcohol sobre la formación del
citronelol. Basado en estos datos, el sistema heptanol y butirato de citronila se seleccionó para un estudio porterior. Un
diseño factorial completo 23  formado por 8 ensayos, realizados por duplicado, se llevo a cabo para estudiar la influencia
de las siguientes variables: concentracion de adsorbente de agua, concentración de lipasa inicial y relación molar heptanol/
butirato de citronila. El máximo valor predicho para la producción de citronelol (44,64%) se logró con un substrato que
contenía heptanol en exceso y 30% (w/w) de concentración del biocatalizador en ausencia de adsorbente de agua.  © 2001
Altaga. Todos los derechos reservados.
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Resumo
A biotransformación do butirato de citronila en citronelol estudiouse usando a lipasa de Mucor miehi inmobilizada.

Na primeira serie de experimentos, observouse a influencia da lonxitude de cadea do alcohol sobre a formación do
citronelol. Baseado nestes datos, o sistema heptanol e butirato de citronila seleccionouse para un estudio posterior. Un
deseño factorial completo 23 formado por 8 ensaios, realizados por duplicado, levouse a cabo para estudiar a influencia
das seguintes variables: concentración de adsorbente na auga, concentración de lipasa inicial e relación molar heptanol/
butirato de citronila. O máximo valor preditos para a producción de citronelol (44,64%) logrouse cun substrato que
contivo heptanol en exceso e 30% (w/w) de concentración do biocatalizador en ausencia de adsorbente de auga. © 2001
Altaga. Tódolos dereitos reservados.
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INTRODUCTION

Terpenes like citronellol are a large class of
compounds which have in common the 5-carbon isoprene
unit (2-methyl-1,3-butadiene) as their skeletal building
block, which can be linked together in multiples of two
(monoterpenes), three (sesquiterpenes), four, six, nine and
higher (Murray and Duff, 1991). Chiral alcohols,
carboxylic acids, esters and lactones occur widely in nature
as food flavors. In most cases, only one of the enantiomers
is responsible for the characteristics taste and aroma.
Citronellol is a natural product that possesses in its
chemical structure an asymmetric carbon (Kransnobajew,
1976), thus it can exist in the form of two optical isomers,
R and S (see Figure 1). Both of them are used in food,
beverage, cosmetic and pharmaceutical industries, in spite
of their distinct flavors (Craveiro and Queiroz, 1993;
Kransnobajew, 1976). Citronellol is of great importance
in the fragrance industry. The optical antipodes R-
citronellol and S-citronellol exhibit differents odors. S-
Citronellol is preferred by perfurmes. A racemic mixture
of both isomers can be made easily by the reduction of the
aldehyde (citronella). This is the process adopted by
industries from the essential oil of citronella
(Kransnobajew, 1976). However, methods for the
preparation of optically active R and S citronellols are not
particularly efficient. There are basically two different ways
to change a product from a racemic mixture to a single
compound. In the first, the manufacturing process could
be drastically altered so that only the desired chiral product
is produced (Craveiro and Queiroz, 1993). An alternative
solution leaves the existing manufacturing process in place
and resolves the (R/S) mixtures (Faber, 1997;
Kransnobajew, 1976). In this case, the enzyme - catalyzed
kinetic resolution of racemate offers an easy way to perform
synthesis of important active compounds in organic
solvents (Costa and Amorin, 1999; Faber, 1997; Roberts
and Turner, 1998).  Among the available enzymes,
hydrolases remain the most used biocatalyst in organic
synthesis (Costa and Amorin, 1999; Jarger and Reetz,
1998; Roberts and Turner, 1998). A lack of cofactors which
have to be recycled, and a large number of readily available
enzymes possessing relaxed substrate specificities to
choose from, are the main features which have made
hydrolases, mainly lipases, especially attractive in organic
synthesis for several potential applications, including the
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preparation of optically active compounds (Jarger and
Reetz, 1998; Roberts and Turner, 1998).

Optically active alcohols can be obtained in aqueous
solutions by steroseletive hydrolysis of the corresponding
racemic esters (Faber, 1997), esterification in organic
solvents (Sebastião et al., 1992; Sonomoto and Tanaka,
1988) or by transesterification of the corresponding
racemic alcohols (Roberts and Turner, 1998; Koshiro et
al., 1993). The method of choice depends on many factors
such as catalyst type, yield, purity, reaction velocity,
product separation and enzyme stability. In other words, it
depends on the optimization of reacional conditions. The
enantioselectivity of several lipases is well known, and
yet in some cases enzyme’s specificity changes with
different ester substrates (Jarger and Reetz, 1998; Yahya
et al., 1998). This change has been related to the chemical
nature of the ester, particularly its carbon chain length
(Sebastião et al., 1992). In addition, it is essential to choose
appropriate parameters since the interaction of the substrate
polarity with the enzyme affects enantioselectivity by
different associations and therefore the transformation of
isomers (Costa and Amorin, 1999; Faber, 1997). Except
for certain steric hindered alcohols, lipases catalyze the
asymmetrization of several cyclic and acyclic substrates
with moderate to high enantioselectivity (Faber, 1997;
Gandhi, 1997).

The present study evaluates the ability of microbial
lipase (EC. 3.1.1.3) to distinguish between the isomers of
a racemic ester mixture - citronellyl butyrate - catalyzing
the selective alcoholysis to yield the target isomer (S-
citronellol) as shown in Figure 2. The influence of alcohol/
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ester molar ratio, biocatalyst and water adsorbent
concentrations on the citronellol formation was evaluated
by multivariate statistical approaches. Statistical designs
are a powerful approach well suited for situations in which
several process variables must be simultaneously
considered, a situation frequently encountered in
biocatalyst processes.

MATERIALS AND METHODS

Materials
The enzyme, Lipozyme IM20 , had an activity of 24

BIU/g (1BIU corresponds to 1µmmol of palmitic acid
incorporated into triolein per min, at standard conditions)
was kindly provided by Novo Nordisk (Novo Nordisk,
1986) and used as supplied (10% w/w moisture content).
R/S-citronellol (97%) was purchased from Sigma, USA.
R/S Citronellyl butyrate was prepared by chemical route
following methodology previously described (Costa et al.,
1995). The other reactants (propanol, butanol, pentanol,
hexanol, heptanol and octanol) were purchased from
Merck. Molecular sieves (aluminum sodium silicate, type
13 X- BHD Chemicals, Canada) was used as water
adsorbent. Dry n-heptane, dried with metallic sodium was
used as solvent for all performed experiments.

Alcoholysis Reactions
Alcoholysis reactions were carried out in closed

reactor with 20 mL of dry n-heptane containing suitable
amounts of citronellyl butyrate and alcohol. The amount
of Lipozyme used was 10-30% (w/w) of the total substrate
weight. The water adsorbent (0-20% w/v) was added in
the medium at the beginning of the reaction. The mixture
was incubated at 45°C with reciprocating shaking (150
rpm). Substrates were preconditioned by incubating the
substrate for 30 minutes with agitation at the reaction
temperature prior to the addition of Lipozyme.

Experimental Design
To verify the influence of the water adsorbent

concentration (WA), initial lipase concentration (E) and
reactants molar ratio (MR) on the citronellol yield (Y), a
23 full factorial design was employed. For each of the three
factors, high and low set points were selected as shown in
Table 1. Runs representing all 8 set points combinations
were made on duplicate. The Statgraphics (version 6.0)
software was used for regression analysis of experimental
data obtained. The statistical significance of the regression
coefficients was determined by Student’s test, the model

equation was determined by Fischer’s  test and the
proportion of variance explained by the model obtained was
given by the multiple coefficient of determination, r2 .

Analytical methods
Reactions were monitored by measuring reactants

and product concentrations by gas chromatography using
a 6 ft 5% DEGS on Chromosorb WHP, 80/10 mesh column
(Hewlett Packard, USA), and menthol as an internal
standard. Water concentrations in liquid and solid phases
were measured by Karl Fischer method using the Karl
Fischer Tritrator (Mettler DL 18). Results were evaluated
by calculating the yield of citronellol formation based
according to Equation 1:

100(%) 0 ⋅=
C
C

Yield
     (1)

where: C0 = molar concentration of citronellol formed at
a given time and C = molar concentration of citronellyl
butyrate consumed.

RESULTS AND DISCUSSION

Effect of Alcohol Chain Length
The effect of alcohol chain length - propanol to

octanol (100 mM) on the Lipozyme activity for the
conversion of citronellyl butyrate (100 mM) into
citronellol at 45ºC is displayed in Figure 3. An increase
on the citronellol yield with the alcohol chain length was
observed.

Low citronellol yield (3.5%) was obtained with
propanol, while alcohols such as heptanol and octanol gave
yields higher than 18%. Those results probably reflect
both the intrinsic selectivity of the enzyme and the different
accessibility of the alcohol substrates to the enzyme active
site. In addition, it should be considered that the alcohol
polarity could also contributed in the reduction of the
enzyme activity. In such context, short chain alcohols such

Table 1.-Experimental levels of the independent process variables
according to the 2 3 full factorial design.

Source of variations Levels 
 Low High 
X1: Water adsorbent concentration (%) 0 20 
X2: Lipase concentration (%) 10 30 
X3: Molar ratio (HeptOH: CitroBut)*  0.5 2 

* HeptOH = heptanol; CitroBut = citronellyl butyrate
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Figure 3. Influence of the alcohol chain length in the citronellol yield
(reactions were carried out with reactants at equimolar ratio, at 45oC
for 48 hours).
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as propanol and butanol, may display some restrictions to
be used on such kind of reactions (Sebastião et al., 1992).
Based on these results, heptanol was selected for further
study by using statistical experimental design.

Alcoholysis of Citronellyl Butyrate with Heptanol
Experiments were conducted  (45ºC/ 48 hours) to

identify the factors that influence the citronellyl yield in
the alcoholysis of citronellyl butyrate with heptanol and
to verify if any changes to their settings should be made
to improve the process. The effects of different
experimental variables on this biotransformation were
simultaneously investigated, employing a 23 full factorial
design experiment. The experimental matrix and the
results are shown in Table 2.

As can be seen, the yield factor (Y) varied from
10 to 50%. The statistical analyses for each of the response
variables evaluated are summarized in Table 3.

According to the Student’s t-test results, the most
important factor was the initial lipase concentration (X2),
since it presented a significant effect (99% confidence
level). The effect of the molar ratio (X3) was also
significant at 95% confidence level, as well as the
interaction X2X3.. The less significant factor on the yield
was the concentration of water adsorbent (X1), although
it was noticed that the interaction of low level of molar
ratio (0.5) with high level of water adsorbent (20%) also
gave satisfactory citronellol yield (runs 4 and 12).

However, it should be considered that in alcoholysis
reactions there are no water formation throughout the
process, therefore the control of water content in the
reactor vessel by using, for instance, molecular sieve is
expected to be less important in those reactions than in
esterification reactions (de Castro et al, 1996; de Castro
et al, 1997; Yahya et al., 1998). Since the use of molecular
sieves did not have significant influence on the reaction
yield, it is recommended to work at high level of reactants
molar ratio and low level of water adsorbent (absence of
molecular sieves). Such effect is prominent when
Lipozyme is used as a catalyst due to its high hydrophilic
property, which acts as a water buffer for the whole system
(de Castro et al., 1996; Yahya et al., 1998).

The main effects were fitted by multiple regression
analysis (Table 4) to a linear model and the best fitting
response function can be written by Equation (2).

3232 96.342.262.859.29 XXXXy +−+=   (2)

Where y = citronellol yield (%); x2 and x3 coded
values for lipase concentration and molar ratio,
respectively.

The statistical significance of this model was
evaluated by the F-test (Table 5), which revealed that this
regression is statistical significant at 99% probability level.
The model did not show lack of fit and the determination

Runs  
 

X1 X2 X3 [WA] 
(%) 

[E]  
(%) 

[MR] 
 

Yield 
(%) 

       Assay 1 Assay 2 
1 - - - 0 10 0.5 29.90 33.94 
2 + - - 20 10 0.5 21.90 23.69 
3 - + - 0 30 0.5 32.60 34.18 
4 + + - 20 30 0.5 37.20 42.74 
5 - - + 0 10 2 10.90 13.45 
6 + - + 20 10 2 15.80 18.16 
7 - + + 0 30 2 39.70 50.32 
8 + + + 20 30 2 35.64 33.31 

 

Table 2.-Matrix for a 2 3 full -factorial design and experiment results. Runs were performed at 45°C for 48 hours.
Legends: [WA], Water adsorbent concentration;  [E], Lipase concentration; [MR], Molar ratio.

Variables Effects   Standard errors t-values 
 

Mean  29.55 ±0.75 39.37 
Block  2.55 ±1.50 1.70 
X1 -2.00 ±1.50 -1.32 
X2  17.32 ±1.50 11.53a 

X3  -4.78 ±1.50 -3.18b 
X1X2 0.01 ±1.50 0.00 
X1X3 -0.87 ±1.50 -0.58 
X2X3 7.84 ±1.50 5.22b 
X1X2X3 -7.68 ±1.50 -5.11b 

 

Table 3.-Estimated effects, standard errors and Student's t test for citronellyl yield using the 2 3 full factorial
design.

ap < 0.01; bp < 0.05
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coefficient (r2=0.81) indicates that 81% of the variability
can be explained by the model.

According to this study, the maximum conversion
molar of citronellol (44.64%) can be obtained, working
at the high enzyme concentration (30% w/w), molar ratio
of 2 (alcohol: ester), and absence of molecular sieves. A
detailed presentation of the optimum value predicted from
the results using the response surface model is given in
Figure 4.

At this stage no attempt was made to monitor the
stereospecificity for all runs. However, the specific
rotation [aa] of a particular sample provided a positive
value (+0.90) indicating in this way, a separation of the
optical active citronellol in its S form (ee=32.4%).

Lipase-catalyzed transesterification in organic
medium has proven to be more effective, in many
instances, than the conventional esterification procedure.
Our previous works (de Castro et al., 1996; de Castro et
al., 1997) dealt with citronellyl butyrate synthesis by direct
esterification but no studies on the chirality’s effects in
lipase-catalyzed esterification of R/S citronellol were
performed. In the present work, an attempt was made to
extend our understanding to the complex evaluation of
biotransformation reactions catalyzed by lipases.

CONCLUSIONS

Lipases (triacylglycerol hydrolases EC. 3.1.1.3)
catalyze different reactions, among them the
transformation of esters into the corresponding alcohols
by interesterification with simple alcohols. These reactions
are less classical and can be applied to the resolution of
racemic esters. Searching for better understanding of such
kind of reactions, this methodology was used to afford
the selective separation of a racemic mixture in which
lipase was used to convert one of the isomer of the
citronellyl butyrate. Maximum citronellol yield was

reached when heptanol was used in excess. Further studies
should be aimed at improving the selectivity in this
biotransformation by testing other commercial available
lipases that exhibited higher enantioselectivity, such as
Pseudomonas fluorences and Rhizopus japonicus lipases.
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Figure 4. Response surface described by the model that represents citronellol yield in the alcoholysis  of citronellyl butyrate with heptanol at
45ºC for 48 hours
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