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Lipase-Catalyzed Synthesis of Primary Terpenyl Acetates by 
Transesterification: Study of Reaction Parameters 
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Transesterification of geraniol and citronellol with triacetin catalyzed by Candida anturctica lipase, 
SP435, was investigated. The reaction was carried out in n-hexane containing 0.1 M terpene alcohol, 
0.03 M triacetin, and 10% (w/w reactants) lipase. Time course, effect of added water, temperature, 
solvent type, and lipase reuse were studied. Yields greater than 96% molar conversion were obtained 
after 10 h of incubation. Optimum yields were obtained at temperatures between 30 and 40 "C 
with no added water. Yields ranging from 62 to 97% were obtained for solvent-free synthesis and 
for solvents with log P value 20.85. The yields of citronellyl acetate were greater than those of 
geranyl acetate. The lipase remained active after 17 times of reuse. 
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INTRODUCTION 

Terpene alcohols and their esters are major compo- 
nents of essential oils, a family of lipidic compounds 
well-known for their organoleptic properties (Croteau, 
1980). The ability of lipases to catalyze the synthesis 
of important terpene esters by direct esterification in 
biphasic and microaqueous systems has been demon- 
strated (de Castro et  al., 1992; Iwai et  al., 1980; 
Langrand e t  al., 1988, 1990; Marlot et al., 1985). Few 
studies have focused on the production of terpene esters 
by lipase-catalyzed transesterification reactions (Chu- 
lalaksananukul et  al., 1992, 1993; Gray et  al., 1990; 
Langrand et  al., 1988). Although triacylglycerols are 
the preferred substrates for lipases (Macrae, 19831, they 
have been used in only one study dealing with lipase- 
catalyzed synthesis of terpene esters and with relatively 
low yields (Gray et al., 1990). Lipase-catalyzed trans- 
esterification reactions have also been used in the 
production of partial acylglycerols (Akoh, 1993; Akoh 
et  al., 19921, tailored fats (Bloomer et  al., 1990; Kana- 
sawud et  al., 1992; Macrae, 19831, and biosurfactants 
(Chopineau and McCafferty, 1993; Mutua and Akoh, 
1993). Our previous study dealt with the reaction 
parameters affecting the synthesis of terpenyl acetates 
by direct esterification in organic media (Claon and 
Akoh, 1993). Although yields greater than 95% were 
obtained, the inhibitory effect of acetic acid on lipase 
esterification activity was observed. Transesterification 
reactions have been proposed to circumvent such effects 
(Chulalaksananukul et  al., 1992; Gray et  al., 1990; 
Welsh et  al., 1989). This paper presents a study of the 
reaction parameters affecting the transesterification of 
citronellol and geraniol with triacetin as the acyl donor. 

MATERIALS AND METHODS 

Materials. Nonspecific Candida antarctica lipase cloned 
into Aspergillus oryzae and immobilized on polyacrylic resin, 
SP435 (7000 PLU/g), was provided by Novo Nordisk Bio- 
industrials, Inc. (Danbury, CT). Geraniol (99% pure), DL- 
citronellol (95% pure), and triacetin (99% pure) were purchased 
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from Sigma Chemical Co. (St. Louis, MO). F'yridine (purified) 
was obtained from Matheson Coleman & Bell (Cincinnati, OH). 
All other solvents were of HPLC grade and purchased from 
Fisher Scientific (Norcross, GA). The reagent for coulometric 
determination of water (Hydranal-Coulomat AG) was pur- 
chased from Crescent Chemical Co., Inc. (Hauppauge, NY). 

Transesterification Method. In a typical solvent syn- 
thesis of primary terpenyl acetate, 0.1 M terpene alcohol, 0.03 
M triacetin, and 10% (wlw reactants) lipase were added to 2 
mL of hexane. The samples were incubated in an orbital 
shaking water bath at 30 "C and 200 rpm for 10 h along with 
their respective controls (samples without lipase). All of the 
experiments were run in duplicate. Reaction products of 
solvent-free synthesized were dissolved in 2 mL of hexane aRer 
incubation. 

Effect of Solvents. Various solvents were tested as the 
transesterification medium following the method outlined 
above. Their water content was measured using a 684 Kl? 
coulometer equipped with a 649 stirrer (Brinkman Instru- 
ments, Inc., Westbury, NY). A solvent-free sample was also 
prepared in duplicate and incubated under the conditions 
described above. 

Extraction and Analysis. At the end of the incubation 
period, the reaction mixtures were cooled in ice and passed 
through an anhydrous sodium sulfate (NaZS04) column (0.5 
x 3 cm) to remove the enzyme and any residual water. Two 
hundred micrograms of internal standard (& linalool) was 
added to each sample. Both reactants and product were 
completely resolved from the internal standard as determined 
by gas-liquid chromatography (GLC). A 1 pL aliquot was 
analyzed by GLC in a splitless mode with a Hewlett-Packard 
HP5890 Series I1 gas chromatograph (Hewlett-Packard, Avon- 
dale, PA) equipped with a flame ionization detector (FID). A 
DB-5 fused silica capillary column (30 m x 0.25 mm i.d.; J&W 
Scientific, Folsom, CA) was used and operated isothermally 
at 150 "C. Injector and detector temperatures were set at 250 
and 260 "C, respectively. Helium was used as the carrier gas 
at a total flow rate of 24 mumin. Since no side reaction was 
detected, the extent of synthesis was determined from the 
amount of terpene alcohol consumed in the reaction and 
quantified by an on-line computer as previously described 
(Claon and Akoh, 1993). 

For enzyme reuse, the reaction product was removed and 
passed through an anhydrous sodium sulfate column while the 
enzyme in the test tube was rinsed with hexane, the solvent 
evaporated, and the enzyme subsequently dried in a desiccator 
prior to reuse. 
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Figure 1. Time course of enzymatic synthesis of geranyl and 
citronellyl acetate by transesterification in n-hexane using C. 
antarctica lipase, SP435. 

RESULTS AND DISCUSSION 

Time Course. We previously studied the time course 
of SP435 lipase-catalyzed direct synthesis of citronellyl 
acetate and found that a yield of 98.2% was obtained 
after 14 h of incubation. We also observed a loss in the 
lipase esterification activity a t  longer incubation periods 
(data not shown). The time course of the synthesis of 
geranyl and citronellyl acetate by transesterification 
reaction using the same lipase showed that conversion 
yields of 96 and 97%, respectively, were obtained after 
10 h of incubation (Figure 1). No loss of lipase activity 
was observed with prolonged incubation. This suggests 
that triacetin does not inhibit the enzyme and may be 
a better acyl donor than acetic acid under the reaction 
conditions used in the study. Chulalaksananukul et al. 
(1992) reported a yield of 85% geranyl acetate after 3 
days of incubation with propyl acetate as the acyl donor 
and Mucor mzehez lipase, IM20, as biocatalyst. On the 
basis of the results obtained from the time course, a 10 
h incubation period was used in the subsequent experi- 
ments. 

Effect of Added Water. In transesterification, 
hydrolysis precedes esterification reaction (Yamane, 
1987). In organic solvents, the rate of hydrolysis of 
triacylglycerols is increased (Mukherjee, 1990). The 
effect of water on lipase-catalyzed synthesis of terpene 
esters has been reported (Chulalaksananukul et al., 
1992; de Castro et al., 1992; Iwai et al., 1980). During 
the transesterification of geraniol by propyl acetate in 
n-hexane, addition of water to the solvent led to  an 
increase in reaction velocity with an optimum at  3 p L  
of added water (Chulalaksananukul et al., 1992). Fig- 
ure 2 shows the effect of water added to  the reaction 
mixture on the transesterification yields. The lipase 
used (SP435) was more susceptible to increasing water 
content in the geraniol than in the citronellol samples. 
The exact reason for the low incorporation in the case 
of geraniol a t  below 0.5% added water is unclear a t  this 
point. The fact that the highest yield (97%) was 
obtained for both terpene alcohols when no water was 
added suggests that the difference in original water 
content did not adversely affect the lipase activity. 
However, as the water content increased, the lipase 
activity in the geraniol samples decreased because of 
the relatively high original water content in geraniol. 
At 4% (v/v) added water, the yield of geranyl acetate 
dropped 33% and that of citronellyl acetate, 29% (Figure 
2). At 10% added water, 52 and 45% drops in transes- 
terification yields were observed for geranyl and cit- 
ronellyl acetate, respectively (data not shown). For both 
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Figure 2. Effect of added water on the transesterification of 
geraniol and citronellol with triacetin using C. antarctzca 
lipase, SP435. 
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Figure 3. Effect of temperature on the SP435 lipase-catalyzed 
synthesis of geranyl and citronellyl acetate by transesterifi- 
cation in n-hexane. 

terpene alcohols, the lipase showed partial restoration 
of transesterification activity a t  0.5% added water. 
Notably, 0.5% added water seemed to be the critical 
water content required by the enzyme to give acceptable 
yields of geranyl and citronellyl acetate, beyond which 
there was a rapid decrease in transesterification activ- 
ity. 

Effect of Temperature. The effect of temperature 
on lipase activity have been investigated (Akoh et al., 
1992; Chulalaksananukul et al., 1992, 1993; Hirata et 
al., 1990; Novo Industri, 1986, 1992). Temperature 
effects on lipase-catalyzed ester synthesis were reported 
to be dependent on the reaction medium, enzyme source, 
and substrate (Welsh et al., 1989). The transesterifi- 
cation activity of C. antarctica lipase, SP435, was 
monitored at  temperatures ranging from 20 to 70 "C. 
The highest yields were 97.6% citronellyl acetate and 
95.3% geranyl acetate a t  30 and 40 "C, respectively 
(Figure 3). In the synthesis of citronellyl acetate by 
direct esterification, the highest yield (98.6%) was 
obtained at  20 "C (Claon and Akoh, 1994). At 70 "C, 5 
and 3% drops in yield were observed for geranyl and 
citronellyl acetate, respectively. This difference might 
be explained by the higher water content in geraniol 
samples (see Effect of Added Water). Thermal dena- 
turation of enzymes proceeds through a series of reac- 
tions that require water (Klibanov, 1986). 

Effect of Enzyme Reuse. Enzyme reuse in biopro- 
cesses is of crucial economic importance. C. antarctica 
lipase, SP435, was capable of maintaining esterification 
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Figure 4. Effect of SP435 lipase reuse on the synthesis of 
geranyl and citronellyl acetate by transesterification in n- 
hexane. 

activity after the 10th run in a previous study involving 
the synthesis of citronellyl acetate by direct esterifica- 
tion (Claon and Akoh, 1994). The stability of the same 
lipase under the conditions of our transesterification 
reactions was tested. After each run, the lipase was 
washed with hexane and the solvent evaporated. A drop 
in yield, as much as 34%, was observed after the third 
run (Figure 4). The yields afterward became erratic. A 
persistent jelly-like substance was observed a t  the 
bottom of the test tube. When the lipase was washed 
with 10% NaHC03, followed by hexane, and subse- 
quently dried, the transesterification activity was re- 
stored (17th run). Yields greater than 90% were 
obtained. Washing with a solution of NaHC03 removed 
the hydrophilic residues off the lipase, thereby restoring 
its transesterification activity. 

Effect of Solvent. The ability of hydrophobic sol- 
vents to sustain and enhance enzyme catalysis has been 
repeatedly demonstrated (Hirata et al., 1990; Klibanov, 
1989; Laane et al., 1987; Narayan and Klibanov, 1993; 
Welsh et al., 1989; Zaks and Klibanov, 1988). From a 
mechanistic standpoint, the effect of organic solvents 
on enzymatic catalysis is still debated (Hirata et al., 
1990; Laane et al., 1987; Narayan and Klibanov, 1993). 
Solvents with high log P values are supposed to allow 
greater enzyme stability and generate high yields 
(Laane et al., 1987). However, inconsistencies have 
been reported, especially for substrates having chain 
lengths I C ~  (Narayan and Klibanov, 1993; Welsh et al., 
1989). The effect of solvents having log P values 
ranging from -0.33 to 4.51 was investigated. Solvents 
having logP values 20.85 gave yields 261.7 and 75.6% 
for geranyl acetate and citronellyl acetate, respectively 
(Table 1). Despite a log P value of 0.71, pyridine totally 
suppressed the lipase activity. The lipase also per- 
formed very well in solvent-free synthesis of terpene 
esters. Although the geraniol samples that gave the 
lowest yields had the highest water contents, no direct 
relation was observed between the water content of the 
sample and the lipase activity. 

We demonstrated that under the conditions used in 
this study C. antarctica lipase, SP435, was able to 
synthesize primary terpenyl acetates by transesterifi- 
cation reaction. These findings underscore the need to 
discover lipases that can exhibit a high &nity for short- 
chain fatty acids which are used in the synthesis of 
short-chain terpene esters that are important in the 
flavor industry (Gillis, 1988). 

Table 1. Effect of Selected Organic Solvents on SP435 
Lipase-Catalyzed Transesterification of Geranyl and 
Citronellyl Acetate 

~~~ ~~ ~~ 

geranyl acetate citronellyl acetate 

solvent valuea contentb yieldC content yield 
log P water water 

no solvent 
petroleum ether 
isooctane 
hexane 
toluene 
diethyl ether 
pyridine 
tetrahydrofuran 
acetonitrile 

ndd 
243 

4.51 160 
3.50 182 
2.50 582 
0.85 1600 
0.71 2295 
0.49 974 

-0.33 539 

94.1 nd 94.9 
95.9 87 96.1 
86.6 91 95.4 
96.8 87 96.6 
66.3 234 85.9 
61.7 992 75.6 
0.0 2410 3.1 

38.3 436 53.4 
30.0 400 50.2 

a Source: Laane et al. (1987). In ppm. In percent molar 
conversion. nd, not determined. 
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