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Enzymatic esterification of DL-menthol
with propionic acid by lipase from Candida
cylindracea
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Abstract: This work deals with the resolution of DL-menthol with propionic acid by Candida cylindracea
lipase (Ccl) in organic solvent reaction systems and a reverse micelles system of sodium 1,4-bis (2-
ethylhexyl) sulfosuccinate (AOT). The activity and stability as well as enantioselectivity of the lipase in
two systems were studied. The results indicate that the lipase showed higher stability in reverse micelles
than in organic solvent, which proved that the reverse micelles system has potential application for
maintaining the activity of the enzyme for a long time. This is because lipase molecules can be entrapped
in water-containing micro-drops of reverse micelles, avoiding direct-contract with unfavorable organic
medium. The enantioselectivity (E > 30, eep = 92.5) in the two systems is relatively high, although the
conversion is moderate. The influence of the characteristic parameters of the two systems, such as pH,
temperature, w0 (molar ratio of water to AOT in reverse micelles systems) and water content (organic
solvent) on the conversion of DL-menthol was also investigated.
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INTRODUCTION
In recent years, extensive studies have been car-
ried out on enzyme-containing reverse micelles
systems.1–5 Reverse micelles are thermodynamically
stable, nanometer-sized water droplets dispersed in an
organic phase by means of surfactants. One of the most
important properties of reverse micelles is their ability
to entrap enzymes and other biomolecules into their
water pools, which avoids direct contact with organic
solvents that potentially denature the enzyme.6 The
very large aqueous/organic interface in reverse micelles
is also of great technological interest because it leads to
an increase in the number of substrate molecules avail-
able to react. Due to the above-mentioned properties,
the activity and stability of lipase in reverse micelles
will be enhanced as compared with organic solvent.

Nowadays there is an increased demand for optically
pure enantiomers as building blocks for pharmaceu-
tical and agrochemicals.7 One such compound is
L-menthol. Because of its cooling and refreshing effect,
L-menthol is an important fragrance and flavor com-
pound and is used widely in cosmetics, toothpaste,
chewing gums, cigarettes, sweets and medicines. The
esters of L-menthol can be expected to have interest-
ing characteristics, such as fragrance which is emitted
as the ester bond is hydrolyzed.8 The chiral menthol
esters have been used in asymmetric synthesis.8,9

Enantiomeric resolution of L-menthol and prepa-
ration of L-menthol esters from racemic DL-menthol
are problems of interest to the flavor and fragrance
industries. Candida rugosa lipase (Crl)-catalyzed ester-
ification of racemic menthol in organic solvents
and emulsions has been investigated extensively.10–15

Orlich et al10 have studied the Crl-catalyzed reactions
in nonionic W/O-microemulsions with a technical sur-
factant, Marlipal O13-60. Wang et al11 have studied
the factors affecting the resolution of DL-menthol by
immobilized lipase-catalyzed esterification in organic
solvent. Kahlow et al12 have studied a model of the
pressure dependence of the enantioselectivity of Crl
towards (+/−)-menthol. Babali et al13 have studied
the enzymatic esterification of (−)-menthol with fatty
acids in solvent by a commercial lipase from Candida
rugosa. They also studied the enzymatic esterifica-
tion of (−)-menthol with lauric acid in isooctane by
sorbitan monostearate-coated lipase from Crl. Shi-
mada et al14 have studied the enzymatic synthesis of
L-menthyl esters in an organic solvent-free system.
But to date, few studies have been carried out on
the resolution of DL-menthol in reverse micelles sys-
tems.

In this work, we selected a less expensive Candida
cylindracea lipase (Ccl) which has never been used
in the resolution of DL-menthol. The surfactant
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we selected in our work was sodium 1,4-bis (2-
ethylhexyl) sulfosuccinate (AOT), which is readily
obtained and is relatively cheap. We investigated the
esterification of racemic menthol with propionic acid
in reverse micelles systems and in an n-hexane/water
mixture using Candida cylindracea lipase (Ccl) as the
biocatalyst. The aim of our work was to investigate the
difference in the stability and activity of Ccl in these
two systems and to prove the superiority of the reverse
micelles system for resolution. The conversion of DL-
menthol to its propionate was measured as a function
of buffer pH, water content and temperature, and
optimum conditions (ie highest yield) were identified.
Our experiments proved that under optimum reaction
conditions, the activity and stability of Ccl were found
to be greater in reverse micelles than in n-hexane.

MATERIALS AND METHODS
Chemicals
Sodium 1,4-bis (2-ethylhexyl)sulfosuccinate(AOT,
∼96%purity) was purchased from ACROS organics
(New Jersey, USA); n-hexane (AR ≤95.0%) was pur-
chased from Beijing Beihua Fine Chemicals Co Ltd;
lipase from Candida cylindracea was purchased from
Fluka; propionic acid (AR ≤99.5%) was purchased
from Tianjin Chemical Reagent Co Inc; DL-menthol
(99%) was purchased from Alfa Aesar.

Reaction in organic solvent system
The DL-menthol (50 mmol) and propionic acid
(100 mmol) was added to the hexane (10 mL) in
a 50 mL sealed flask, then a buffer solution of
suitable concentration (pH = 6 − 9) was added and
the final water content was adjusted by the addition
of the required amount of the buffer solution.
Finally the required amount of lipase was added to
initiate the reaction. The reaction mixture was stirred
continuously and kept at a constant temperature in
the water bath at various temperatures. After some
time, samples (200 µL) were withdrawn from the
reaction medium, dissolved with ethanol to stop any
enzymatic reaction then analyzed subsequently by gas
chromatography (GC).

Reaction in reverse micelles system
Reverse micelles were typically prepared by the
addition of a known volume of phosphate buffer at
a known pH value into a hexane (10 mL) solution
containing 100 mmol surfactant. The mixture was
briefly shaken until an optically clear single-phase
solution was formed. The DL-menthol (50 mmol) and
propionic acid (100 mmol) was then added to 10 mL
AOT/hexane reverse micelles in a 50 mL sealed flask,
finally the desired amount of lipase was added. The
reaction mixture was stirred in a constant temperature
reactor at various temperatures. After some time,
samples (200 µL) were withdrawn from the reaction
medium, dissolved with ethanol to stop any enzymatic
reaction then analyzed subsequently by GC.

Chromatographic Analysis
The progress of the reactions was monitored using
a Agilent 6890 Gas Chromatograph (FID) equipped
with an HP-chiral 30 m × 0.25 mm × 0.25 µm capil-
lary column. The temperature program used begins at
65 ◦C with an isothermal hold at 65 ◦C for 1 min, then
is increased to 170 ◦C at a gradient of 5 ◦C min−1; the
carrier gas is hydrogen and the velocity of the carrier
gas:39cm s−1.

RESULTS AND DISCUSSION
Comparation of the stability of lipase in organic
media and AOT/hexane reverse micelles systems
The stability of the lipase in the two systems was
indicated by the change in the conversion reaction
over time. The progress curves are shown in Fig 1.
Figure 1 shows that the conversion in reverse micelles
increased faster than that in the organic system and
it was higher than that in the organic system after
3 days. The conversion reaction in the organic system
remained steady at about 15.7% after 7 days, whereas
in the reverse micelles system, the conversion increased
up to 31.8% in 20 days and remained steady after that.
This indicates that the stability was enhanced in the
reverse micelles systems as compared with the organic
media. This may be due to the reverse micelles being
useful as microreactors for enzymatic reactions.16,17

The catalytic reaction occurs because of the large
internal interface between water and the continuous
oil or because of the exchange of water within the
droplets, the aqueous interior of the reverse micelles
serving as a host for the water-soluble enzyme10 which
can maintain the activity of the enzyme for a long
time; in the organic solvent containing a lower water
content, the reaction proceeded very quickly in the first
3 days, but after that the degree of conversion of the
reaction was nearly unchanged, which demonstrates
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Figure 1. Progress curves of enzymatic esterification of DL-menthol.
The reaction was performed in hexane (or reverse micelles)at 1:2
mole ratio of DL-menthol (50mmol) to propionic acid at 45 ◦C (solvent:
water content 4uL, pH = 6.5; AOT/hexane reverse micelles: water
content w0 = 6, pH = 7.5).

1366 J Chem Technol Biotechnol 80:1365–1370 (2005)



Enzymatic esterification of DL-menthol

that the reaction had been completed in a relatively
short time, this is because lipase in this system keeps
in direct touch with the organic solvent, which can
deactivate the enzyme in a short time.

In the first 3 days the conversion in reverse micelles
was lower than that in organic solvent. The inhibition
against enzymatic activity that occurred in reverse
micelles systems was observed in this work. Such
inhibition has been caused by the strong electrostatic
interaction that exists between the enzyme and polar
head group of the ionic amphiphilic in the reaction
system.18

Enantioselectivity of lipase in AOT/hexane
reverse micelles systems and organic media
Enantiomeric excess is an index of optical purity and
defined by eqn (1):

ee = |CS − CR|
CS + CR

(1)

where CS and CR are the concentrations of the (S)-
isomer and the (R)-isomer in the mixture, respectively.
The enantioselectivity of the enzyme can be expressed
by the enantiomeric ratio E defined by eqn (2), and
it is expressed by eqn (3) for irreversible biocatalytic
systems:

E = ln(CS/CS0)

ln(CR/CR0)
(2)

E = ln[1 − c(1 + eep)]
ln[1 − c(1 − eep)]

= ln[(1 − c)(1 − ees)]
ln[(1 − c)(1 + ees)]

(3)

where CS0 and CR0 are the initial concentration of the
(S)-isomer and the (R)-isomer before the enzymatic
reaction and c is the degree of reaction conversion,
and eep and ees are enantiomeric excess of the product
and the substrate, respectively.

The relationship between eep (and E) and reaction
time is shown in Figs 2 and 3. Figures 2 and 3 show
that the enantioselectivities (E and eep) for both
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Figure 2. Relationship between eep and reaction time.

AOT/hexane reverse micelles and hexane organic
solvent are similar and the eep values in the two
systems are relatively high. They also show that the
eep and E decreased over time. This is because the
concentration of substrate decreased over time and
according to the formula v = kc (v: the velocity of the
reaction; k: the constant of the reaction velocity; c:
the concentration of the substrate), the concentration
of L-menthol, which reacted faster than D-menthol
in this system, will decrease faster than D-menthol.
So the enantioselectivity of system will decrease over
time. But at the end both the eep and E are relatively
high. So the resolution of DL-menthol with propionic
acid by Ccl can perform successfully in two systems.
Candida cylindracea lipase is an excellent catalyst for
preparing optically pure L-menthol. The effects of pH,
temperature, w0 (for AOT/hexane reverse micelles),
water content (for hexane solvent) on the E or eep

were found to be very small. So, subsequently we only
discussed the effect of pH, temperature, w0 (molar
ratio of water to AOT in reverse micelles systems;
for AOT/hexane reverse micelles), water content (for
hexane solvent) on the conversion reaction.

Effect of temperature on the esterification
The effects of different temperatures on the esterifi-
cation are shown in Fig 4. The two curves followed
rather bell-shaped profiles. For reactions in organic
media and AOT/hexane reverse micelles systems,
at the lower temperatures, the velocity of reaction
increased with increasing temperature so the conver-
sion was enhanced, which obeys the dynamic reaction
law. In addition when the temperature is low, the
number of active molecules in the reaction system is
small, and the amount of conversion is low. How-
ever increasing the temperature above 45 ◦C resulted
in a sharp decrease in the conversion. This could
be attributed to the fact that it was difficult for the
enzyme to keep its active structure when the temper-
ature was high. In addition, for the reverse micelles
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Figure 3. Relationship between E and reaction time.
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Z Lü et al

30 35 40 45 50 55
0

2

4

6

8

10

12

14

16

18

20

22

24

B

A

C
on

ve
rs

io
n 

of
 D

L-
m

en
th

ol
/%

Temperature (°C)

Hexane

AOT

Figure 4. Effect of temperature on the esterification. The reaction
was performed in hexane or reverse micelles at 1:2 mole ratio of
DL-menthol (50mmol) to propionic acid for 7 days (organic solvent:
pH = 6.5, water content: 4uL; AOT/hexane: pH = 7.5, w0 = 6).

system, because of molecular thermal movement, the
reverse micelles system will become unstable with the
temperature increase, then the activity of the enzyme
in the unstable reverse micelles system will decrease.
From Fig 4, it is evident the optimum temperature for
keeping the active structure of the lipase in the two
systems is 45 ◦C.

Effect of pH of buffer solution on the
esterification
The dependence of conversion on pH is shown in
Fig 5. The optimum pH for the lipase reaction has
been determined in the different systems. For reactions
in n-hexane organic media a sharp increase at pH 6.5
was observed. For reactions in AOT/hexane reverse
micelles systems the optimum conversion was at pH
7.0–7.5. Lipase in these systems seems to have high
activity in the neutral pH range. This is because the
enzyme is a kind of protein; the neutral condition
will thus suit the activity of the enzyme. However
this reaction is reversible and acidic conditions will
accelerate the production of ester. The curves are the
result of the two functions working together.

Effect of water content on the conversion of
esterification
The water content in reverse micelles has been
reported to be an important parameter for enzymatic
reactions.6,19,20 In this paper the water content in
reverse micelles is indicated by the molar ratio
of water to surfactant in organic phase (w0 =
[H2O]/[Surfactant]). In AOT/hexane reverse micelles
systems, the reaction conversion was dependent on
the water content and reached a maximum at a water
content of around w0 = 6 as shown in Fig 6. The curve
is bell-like. For reaction in reverse micelles systems the
initial amount of water is bound to the polar head of
the surfactant molecule till it is fully saturated,16,21
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Figure 5. Effect of pH on the esterification. The reaction was
performed in hexane or reverse micelles at 1:2 mole ratio of
DL-menthol (50mmol) to propionic acid at 45 ◦C for 7 days (organic
solvent: water content: 4uL; AOT/hexane: w0 = 6) A: eep = 0.925
E = 32.7; B: eep = 0.925 E = 30.37.
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Figure 6. Effect of water content on the esterification. The reaction
was performed in reverse micelles at 1:2 mole ratio of DL-menthol
(50mmol) to propionic acid at 45 ◦C for 7 days (AOT/hexane:
pH = 7.5) A: eep = 0.925 E = 32.7.

thus they can provide the appropriate hydrophilic
environment for catalytic activity of esterification.17

When the w0 is small, the water content of the reaction
system is low so a large amount or all of water is bound
to the surfactant and the amount of free water available
to maintain the activity of the enzyme is low, hence
the activity of the enzyme is low. The amount of free
water increases as the w0 increases, so the activity of
the enzyme also increases. But when the w0 is too high,
not only the internal interfaces decrease but also the
structure of the enzyme is too loose. In addition, too
much water will shift the equilibrium to the reverse
direction.

The effect of water content on the conversion in
organic media is shown in Fig 7. The curve is bell-
shaped. It has been observed that the conversion
increased with an increase in water content whereas the
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Figure 7. Effect of water content on the esterification. The reaction
was performed in hexane at 1:2 mole ratio of DL-menthol (50mmol) to
propionic acid at 45 ◦C (pH = 6.5) for 7 days; B: eep = 0.925
E = 30.37.

highest conversion was observed at around 0.04% and
then decreased with an increase in water content. This
is because water is necessary for the catalytic activity
of Ccl because water is involved in the formation of
oxyanion holes with the polar residues of the catalytic
site. When the water content of system is low, there is
not enough water to maintain the active structure of
the enzyme, and the enzyme is too rigid to exert all its
activity. As the water content increases, the activity of
the enzyme increases; when the water content is too
high, a large amount of enzyme is embedded by the
water and cannot keep in touch with the substrate,
which means that the enzyme cannot exert all its
activity. Too high a water content will accelerate the
decomposition of ester.

Both Figs 6 and 7 are bell-shaped, this shows that
with a suitable water content of the two reaction
systems the lipase will exert the optimal activity in the
optimal water content.

CONCLUSIONS
In this work, we have studied the enantioselectivity,
activity and stability of a lipase in reverse micelles
and in organic solvent. The results demonstrated that
both in reverse micelles and organic solvent media,
relatively high enantioselectivities were obtained,
which proved that Candida cylindracea lipase is an
excellent catalyst for preparing optically pure L-
menthol, but conversion is moderate. The results
also showed the lipase showed higher stability in
reverse micelles than in organic solvent, this should
be attributed to the formation of reverse micelles.
Because the aqueous interior of the reverse micelles
can entrap water-soluble enzyme, this means that
the enzyme cannot contact with unfavorable organic
medium directly. This proved that the reverse micelles
system has potential application for maintaining the

activity of the enzyme for a long time. The reaction
parameters (the temperature, pH of buffer and water
content) that influenced the enzymatic resolution of
DL-menthol in the two systems was also studied, these
parameters were found to have profound effects on
the conversion reaction. Based on the present study,
we also confirmed the optimum reaction conditions
for the resolution of DL-menthol in two systems, the
maximum conversion (15.7%) was obtained at pH 6.5,
water content 0.04%, temperature 45 ◦C, time 20days.
For reactions in AOT/hexane reverse micelles systems
the maximum conversion (31.87%) was obtained at
pH 7.5, w06, temperature 45 ◦C, time 20days.
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