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Abstract
This article describes the synthesis of terpenic esters derived from geraniol and citronellol
(geranyl and citronellyl alkanoates) through esterification reactions catalyzed by the
immobilized lipases from Thermomyces lanuginosus (Lipozyme TL IM®) and Candida
antarctica (Novozym 435®). Geraniol was esterified with oleic, lauric, and stearic acids;
and citronellol was esterified with oleic and stearic acids. For all the synthesized flavor esters,
the best conditions were 35 °C, and the molar ratio between acid and alcohol was 1:1. Geranyl
and citronellyl alkanoates reached yields between 80-100% within 4 h of reaction. For the
synthesis of the citronellyl and geranyl oleate, higher yields were obtained in the absence of
organic solvents. For the esters from lauric and stearic acids, using solvent was indispensable
to improve the miscibility between the substrates. The reuse of Novozym 435® and Lipozyme
TL IM® was performed for two more cycles after the first use, with yields higher than 60%.
The results demonstrated the efficiency of the reaction catalyzed by these two commercial
enzymes and the feasibility of the methodology for the production of synthetic flavor esters
through enzymatic catalysis. The flavor esters synthesized were not described in the literature
up to the date, giving this research an innovative feature.
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Introduction

Flavor esters are compounds widely used in several industrial formulations, mainly as
perfumes and fragrances in cosmetics and personal care products [1, 2], as flavorings in food
and beverage industry [3–5], or in pharmaceuticals [3, 6, 7]. The esters produced by terpenic
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alcohols and fatty acids have the highest variety of industrial applications [8–10] and are the
most explored economically [11].

The economic interest for esters formed from geraniol is due to its presence in the vast
majority of essential oils extracted from aromatic plants [12]. In addition to the industrial
importance in aroma and fragrance, these have anti-infectious, immunostimulant, bactericidal,
and pesticidal properties with low toxicity [13]. Esters formed from citronellol are widely
studied for their active properties as natural repellents and pesticides [14, 15], besides flavorings.

The synthesis of aroma esters can be conducted by enzymatic reactions using lipases
(triacylglycerol hydrolases, EC 3.1.1.3) [16–18]. Currently, several terpenic esters can already
be produced through enzymatic reactions, such as eugenyl acetate esters, benzyl acetate,
cinnamyl propionate [19], geranyl propionate [20], geranyl acetate [7], citronellyl laureate
[4], and citronellyl acetate [21]. Different methodologies have been developed with the purpose
of making the enzymatic synthesis of these esters feasible, such as the use of processes in
continuous-flow [22], coupled reactors with membranes to improve the purification steps [23,
24], and the use of supercritical fluids aiming at eliminating the use of organic solvents [25, 26].

Traditionally, these compounds are isolated from plants by extraction or produced through
chemical reactions involving strong acids. These methods have limitations: the high cost of
extraction and demand for raw material, processing conditions with high temperature and
pressure, hazardous chemical reagents and catalysts, by-product formation, and the necessity
to additional purification steps [8, 27, 28]. In this way, enzymatic catalysis would overcome
several of these limitations and be a greener alternative for the synthesis of the flavor esters.

The main objective of this work was to produce new terpenic esters derived from geraniol
and citronellol. The geranyl laureate, oleic and stearate, and citronellyl oleic, and stearate were
produced by enzymatic catalysis using the commercial lipases of Thermomyces lanuginosus
(Lipozyme TL IM®) and Candida antarctica (Novozym 435®). All the terpenic esters studied
were not reported in the literature up to the date, giving this research an innovative feature.
Focusing on industrial applicability, the reagents were selected based on low toxicity and
commercial interest, evaluating the need for organic solvents and aiming for higher purity of
the products.

Materials and Methods

Materials

For the synthesis of the flavor esters, the following alcohols were used: geraniol (98%) and
citronellol (95%) (Sigma-Aldrich); oleic (99%), lauric (99%), and stearic (95%) acids (Vetec);
and the organic solvents hexane (99%) (Lafan) and isooctane (99.8%) (Sigma). The commer-
cially immobilized lipases from Thermomyces lanuginosus (Lipozyme TL IM®) and Candida
antarctica (Novozym 435®) were kindly donated by Novozymes (Araucaria-Brazil).

Synthesis of Geranyl and Citronellyl Alkanoates

The terpenic esters derived from geraniol and citronellol were synthesized according to the
reactions described in Fig. 1, obtaining as products the geranyl laureate, geranyl oleate, geranyl
stearate, citronellyl laureate, citronellyl oleate, and citronellyl stearate. The experiments were
conducted in an incubator chamber with 200 rpm orbital shaking. The reactions were studied
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at temperatures of 35, 45, and 55 °C; molar (alcohol:acid) ratios of 1:1, 1:2, and 1:3; and
enzymatic loading of 3, 6, 10, and 14% (wimmobilized enzymes/wsubstrates). The esterification activity
(U) was calculated based on the previously published data for the enzymes Lipozyme TL IM®
and Novozym 435® by Sá et al. [19], comparing the activities to the amount of enzyme. One
unit of activity (U) is the amount of enzyme necessary to consume 1 μmol of lauric acid per
minute at the established experimental conditions.

The use of organic solvent was evaluated by adding 10 mL of hexane or isooctane. The
reactions were conducted at 35 °C, the molar ratio (alcohol:acid) 1:3 and 10% (wbiocatalyst/
wsubstrates) of each enzyme studied. The reactions were accompanied by quantification of the
esters by gas chromatography; aliquots of 100 μL were withdrawn for analysis at each period.

Geranyl and Citronellyl Alkanoates Quantification

Geranyl and citronellyl alkanoates were determined by gas chromatography (Shimadzu GC-
2010, São Paulo, Brazil) equipped with a data processor, using a capillary column of fused
silica ZB-WAX (30 m × 250 μm × 0.25 μm) and flame ionization detector (FID), with
programmed temperatures of 40 °C (8 min), 40–150 °C (10 °C min−1), 150–220 °C (10 °C
min−1), and 220 °C (5 min), injector temperature at 250 °C, detector at 250 °C, injection in
split mode, ratio of split 1:100, N2 (56 kPa and 2 mLmin−1) as carrier gas, injected in volume 1
μL, and sample diluted in dichloromethane (2:10). Reaction yield was calculated measuring
the reduced area of the limiting reagent based on the reaction stoichiometry [29–31].

Recovery and Reuse of the Biocatalyst in Consecutive Reactions

After each reaction, the biocatalysts were separated from the reaction system by simple
filtration and washed with hexane to ensure the removal of product residues [32, 33]. After

Fig. 1 Reactions for the synthesis of citronellyl (a) and geranyl (b) alkanoates from lauric (C11H23COOH), oleic
(C17H33COOH), and stearic (C17H35COOH) acids
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complete evaporation of the hexane at room temperature, the recovered biocatalysts were
stored at 4 °C until the next use.

Results and Discussions

Synthesis of Geranyl and Citronellyl Alkanoates

Kinetic of the Esterification Reactions

For the kinetic study of the esterification, the reaction conditions were fixed at 35 °C and the
molar ratio (alcohol:acid) of 1:1. The enzymatic reactions reached yields in esters between
82.7 and 97.6% (Table 1), while, in the absence of a catalyst, the maximum yield was 12% in
24 h of reaction, demonstrating the efficiency of lipases as biocatalysts in ester synthesis. In all
cases, the use of Novozym 435® resulted in higher yields in shorter reactional times than the
Lipozyme TL IM®, even when a smaller amount of enzyme was used. In the geranyl laurate
synthesis, even when the total activity of the Novozym 435® (2.95 U) was lower than the
Lipozyme TL IM® (3.42 U), the yield was higher for the first enzyme. The same result was
observed in the citronellyl stearate synthesis, in which Novozym 435® (3.60 U) performed
better than Lipozyme TL IM® (4.25 U). The results regarding the performance of the
immobilized commercial enzymes are in agreement with the synthesis of citronellyl laurate
by Habulin et al. [4] and also with the synthesis of benzyl propionate by Sá et al. [19]. Martins
et al. [34] also reported better performance of the Novozym 435® compared with the
Lipozyme TL IM® in the synthesis of several other flavor esters.

These differences in enzymatic activity and lipase performance in the reactions may be
associated with different factors, such as the microorganism that produced the lipase, the type
of immobilization and support, and a better fit of the substrate at the active site of the lipases
[35]. Novozym 435® are immobilized on a support of macroporous resin of hydrophobic
surface [36, 37]. The Lipozyme TL IM® is a lipase immobilized in silica gel with the
hydrophilic surface [38]. For this reason, the water molecules produced as a by-product in

Table 1 Comparison of the citronellyl and geranyl alkanoates yield in the first use (R0) and two reuses (R1 and R2)
in the esterification reaction catalyzed by lipases Lipozyme TL IM® and Novozym 435®. Reaction conditions:
solvent hexane, temperature 35 °C, RM 1:1 (acid:alcohol), 200 rpm of orbital agitation and 4 h of reaction

Ester Enzyme Amount of
enzyme (w/w%)

Activity of
esterification (U)

Yield (%)

R0 R1 R2

Geranyl oleate Lipozyme TL IM® 14 4.22 93 88.1 80.9
Novozym 435® 6 7.21 94.8 94.4 94.2

Geranyl laureate Lipozyme TL IM® 10 3.42 91.2 63.4 70.3
Novozym 435® 3 2.95 94.9 66.4 82.1

Geranyl stearate Lipozyme TL IM® 10 4.22 82.7 70.5 29.9
Novozym 435® 6 7.21 96.3 95 84.7

Citronellyl oleate Lipozyme TL IM® 10 4.22 89.9 88.3 84.5
Novozym 435® 10 11.96 93.9 93.4 91.3

Citronellyl stearate Lipozyme TL IM® 10 4.25 96.5 90.5 59.1
Novozym 435® 3 3.6 97.6 94.7 60.8
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the reactions may have been very close to the surface of the enzymes, which may have
hindered the diffusivity of the substrates in the active site of the enzyme [19, 28].

According to the reaction stoichiometry, the maximum amount of water formed in the
esterification does not exceed 4% (w/w). However, the presence of water on the reaction media
did not shift the equilibrium towards the hydrolysis. The reactions reached their maximum
yield in esters in the first hours, and they were continually monitored for more than 24 h
without decreasing the ester amount.

Influence of Organic Solvents in Esterification Reactions

The use of organic solvents in reactions plays a crucial role in enzymatic transformations and
may affect the catalytic efficiency of the enzyme [7]. The nature and polarity of the organic
solvents influence the rate of synthesis of the products catalyzed by lipases. The logarithm
value of the partition ratio between the organic and the aqueous phases (log P) is used to
describe the hydrophobicity of organic solvents [4]. Solvents with a log P > 2 value tend to
provide better dissociation of weak organic acids and prevent the removal of the water layer
essential for the maintenance of enzymatic activity. In contrast, hydrophilic solvents (log P <
2) with polar characteristics tend to remove essential water from the enzyme surface that leads
to inactivation of the enzyme [39].

In the experiments carried out, the use of organic isooctane solvents (log P = 4.5) and
hexane (log P = 3.5) was investigated. These solvents are widely used and present good results
in enzymatic reactions, given their nonpolar characteristics [40]. As shown in Table 2, it was
possible to obtain up to 100% yield to esters, with similar performance for both hexane and
isooctane.

Esterification reactions of stearic and lauric acids were improved using solvents. Geranyl
laurate was obtained with up to 10% yields with Lipozyme TL IM® and 43% with Novozym
435® in reactions without organic solvents. These values were increased to 89% and 99%,
respectively, by adding hexane or isooctane, making the solvent indispensable for the reaction
medium. Geranyl stearate was synthesized with 99% yield in the reactions with solvent and
about 45% in the absence for both enzymes tested. Citronellyl stearate also showed a better
yield in reactions performed with solvent (95%) than without (65%) for the two enzymes.

Table 2 Influence of the hexane and isooctane solvents on the synthesis of the citronellyl and geranyl alkanoates.
Reaction conditions: enzymatic loading of 3% (w/w about the reaction media), temperature of 35 °C, 1:1
(acid:alcohol), 200 rpm of orbital agitation, and 4 h of reaction

Ester Enzyme Yield (%)

Hexane Isooctane Without solvent

Geranyl oleate Lipozyme TL IM® 64.3 67.9 92.5
Novozym 435® 87.0 85.5 97.6

Geranyl laureate Lipozyme TL IM® 89.0 89.2 10.0
Novozym 435® 99.0 99.2 43.0

Geranyl estearate Lipozyme TL IM® 99.2 99.4 45.0
Novozym 435® 99.4 99.2 43.0

Citronellyl oleate Lipozyme TL IM® 100 100 90.8
Novozym 435® 100 100 94.8

Citronellyl stearate Lipozyme TL IM® 94.6 91.3 63.4
Novozym 435® 100 73.5 66.9
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Both lauric and stearic acids have melting points at temperatures of 43.2 and 69.6 °C,
respectively, while oleic acid has a melting point of 14 °C. As reactions were conducted at 35
°C, the use of the solvent was required to increase the solubility of the reagents in the reaction
medium, facilitating the access of the substrates to the active site of the enzyme [39].

On the other hand, the use of solvents in the synthesis of geranyl oleate in a reaction
catalyzed by Lypozyme TL IM® had an adverse effect: decreased the yield from 92.5 to 64.3
and 67.9% when adding hexane or isooctane in the reaction medium, respectively. This result
demonstrates that the high yield can be achieved without the use of solvents when it is possible
to have a reasonable degree of solubility between the reactants.

Evaluation of the Effect of Temperature in Esterification Reactions

The effect of the temperature, ranging from 35 to 55 °C, in the esterification reactions of
geraniol and citronellol was studied. According to results, an increase in temperature did not
influence the yield of the citronellyl (Fig. 2) and geranyl (Fig. 3) alkanoates. However, for the
citronellyl oleate, the ester yield was reduced by about 17% when the temperature was rising
from 35 to 55 °C.

These values agree with previous studies of geranyl butanoate [9], geranyl acetate [41], and
citronellyl laureate [42], which were synthesized in temperatures between 35 and 70 °C. The
increase in temperature for syntheses involving enzymatic catalysis tends to be beneficial,
since the probability of collision between the enzymes and substrate molecules increases
proportionally [42]. However, an increase in temperature may result in conformational changes
in the active site of the enzyme, decreasing its stability and even leading to its inactivation [41].

Fig. 2 Comparison of the synthesis of citronellyl alkanoates in the reactions at 35, 45, and 55 °C with Lipozyme
TL IM® and Novozym 435® lipases. Reaction conditions: enzymatic loading of 3% (w/w about the reaction
medium), hexane, RM 1:1 (acid:alcohol), the reaction time of 1 h and 200 rpm of orbital agitation
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The possibility of conducting reactions at mild temperatures offers several advantages, such
as high energy savings, reduction of possible problems related to the operational stability of the
enzyme, and avoiding the volatilization of the reagents or organic solvents. According to the
results, it is possible to perform the synthesis of flavor esters at 35 °C with excellent yields.
Nonetheless, the presence of a solvent is required if the reactants have a melting point above
35 °C to improve the miscibility of the reaction medium.

Reuse of the Biocatalyst in Consecutive Reactions

The use of immobilized enzymes, such as Lipozyme TL IM® and Novozym 435®, allows the
recovery and reuse of the biocatalyst in new operating cycles, impacting on a cost reduction
[21]. The study of the reuse of the biocatalysts in the esterification reactions was performed in
two additional cycles (R1 and R2) after the first use (R0).

According to the results (Table 1), the reuse of the enzymes proved to be effective in most
of the studied reactions, being possible to reach yields over 90% for all the flavor esters
synthesized. However, the esters formed from lauric and stearic acid showed a reduction in its
yield after the second use. According to Lerin et al. [33], enzymatic activity and the yield of the
products are directly related to the substrates and solvents used in the reaction. In this way, the
product was not completely removed after washing the biocatalyst with solvent, or even the
contact with the solvent can lead to changes in the lipase microenvironment (pH, amount of
water around the enzyme), affecting the enzymatic activity. Considering that lauric and stearic
acids form esters have a greasy aspect, the residues removed from the enzyme surface with
hexane may have been inefficient and diminished the performance in the following cycles.

In all cases, Novozym 435® maintained good yields in both recycles, suggesting that it is
less sensitive to acid exposure and that Lipozyme TL IM® is more sensitive to such contact

Fig. 3 Comparison of geranyl alkanoate at 35, 45, and 55 °C with lipases Lipozyme TL IM® and Novozym
435®. Reaction conditions: enzymatic loading of 3% (w/w about the reaction medium), hexane, RM 1:1
(acid:alcohol), the reaction time of 1 h and 200 rpm of orbital agitation
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[34]. Kim and Park [43] studied the enzymatic reuse of Novozym 435® in esterification
reactions to produce flavor esters with yields above 95% after 20 cycles. Martins et al. [34]
also achieved yields above 80% in 10 cycles, with the same enzyme.

Conclusions

All the esters studied were synthesized with an excellent experimental yield, with yields
between 82 and 98%, in a maximum of 4 h of reaction. Immobilized enzymes Novozym
435® and Lipozyme TL IM® proved to be efficient biocatalysts in the synthesis of geranyl
and citronellyl alkanoates from lauric, oleic, and stearic acids. The main characteristics of this
method were the simplicity of operation and excellent yields in short reaction times. The high
conversion of the oleate esters without organic solvent in short reaction time was very
satisfactory, showing that the elimination of solvents in the enzymatic synthesis of flavor
esters is feasible. Data of this study contribute to the better knowledge of enzymatic production
of terpene esters in the presence of organic solvents.
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