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ABSTRACT 
 
The effects of important reaction parameters for enhancing flavour esters formation through lipase-catalyzed reaction were investigated in this study. 
Various commercial immobilized lipases were used to catalyze the esterification reaction between short-chain fatty acids and alcohols to produce 
flavour esters which are nonyl caprylate and ethyl valerate which differ in chain length of esters. These synthetic flavour esters with fruity notes are 
widely used in food, cosmetic and pharmaceutical industries. The effect of various reaction parameters was optimized to obtain a high yield of flavour 
esters. A maximum percentage for nonyl caprylate with conversion of flavour esters more than 90 % in a solvent-free system was successfully obtained 
under the following conditions: reaction time (RT), 5 hours; reaction temperature, 40 °C; amount of immobilized lipase, 25 % w/w of total substrate and 
shaking speed 200 rpm. Compared to ethyl valerate, a maximum percentage conversion of flavour ester more than 80 % in solvent free system was 
successfully obtained under following conditions:  reaction time (RT), 45 minutes; reaction temperature, 40 °C; amount of immobilized lipase, 15 % 
w/w of total substrate and shaking speed 200 rpm. Comparison between these two ester showed that the chain length give an effect to optimize the 
reaction condition in esterification reaction. 
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1. INTRODUCTION 

 
Flavour ester, a short-chain ester is a class of 

compound that widely distributed in nature. This kind of 
ester also known as a carboxylic acid ester is extensively 
used in foods, beverages, cosmetics and pharmaceutical 
industries. Flavour esters are fine organic compound that 
forming part of natural aromas in flowers and fruits. 
Traditionally, these compounds has been isolated from 
natural sources such as flowers, fruits and vegetables. 
However, these natural flavour esters extracted from plant 
materials are often limited and expensive for commercial 
use. Thus, it is economically important to synthesize flavour 
ester using cheaper and more broadly available material to 
meet the consumer demand [1]. 

The worldwide market for natural green notes is 
estimated to be 5-10 metric tones per year [2]. For example, 
demand for flavuors and fragrances in the US are forecast to 
grow 3.7 percent per year to $5.3 billion in 2012. Increasing 
consumer interest in natural ingredients, which are 
generally more expensive than their synthetic counterparts, 
will support value gains. Also, trends toward more complex 
and exotic flavours and scents will boost demand for new 
flavour and fragrance blends.  
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Food will remain the largest market for flavours and 

fragrances, based on the widespread application of flavour 
materials in many processed food.  

Conventional chemical synthesis of flavour ester 
between acid and alcohol using polluting liquid acids as a 
catalyst, require post-treatment. Thus, the use of 
biotechnology appears to be an attractive in various ester 
preparations under milder conditions and the product may 
be given the natural label. Therefore, the use of enzymes, 
such as lipases as biocatalysts may offer many significant 
advantages over chemical synthesis such as lower energy 
requirement since enzymes function under mild reaction 
conditions and enhanced selectivity and quality of product. 
There are a number of publications regarding the enzymatic 
synthesis of flavour esters in non-conventional media, 
particularly in the presence of solvents [1-3]. However, the 
number of articles that discussed the enzymatic synthesis in 
solvent free systems is considerably low [4].  

The use of native lipase form brings about significant 
practical problems such as the high cost of the enzyme. As a 
mean of reducing the cost, the use of immobilized lipases is 
significantly advantageous. Immobilized lipase are lipases 
attached to solid materials, which make them easily be 
recovered from the reaction mixtures, thus offers 
reutilizations of the biocatalyst and thereby making the 
process economically feasible [5]. Another aims of using 
immobilized lipase is the functional activities as well as the 
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stability of enzymes are improved compared to the native 
lipase. 

A better understanding of various reaction 
parameters affecting the esterification with short-chain 
substrates is essential for possible large scale synthesis. This 
paper shows a high performance synthesis of flavour esters 
by enzymatic synthesis route using an immobilized lipase in 
solvent free system (SFS). 

 
2. EXPERIMENTAL  
 
2.1 Materials  
 
 Novozym 435 as 10,000 PLU (from Candida 
antartica lipase immobilized onto macroporous acrylin 
resin), Lipozyme TL IM as 250 IUN/g (from Thermomyces 
lanuginosus immobilized onto granulated silica) and 
Lipozyme RM IM as 150 IUN/g (from Rhizomucor miehei 
immobilized onto macroporous anion exchange resin) was 
received from Novo Nordisk (Denmark). Ethanol (purity, 
98%), nonanol (purity, 99%) valeric acid (purity, 99%) and 
caprylic acid (98%) were obtained from Merck (Germany). 
All other reagents were of analytical grade and used as 
received. 
 
2.2 Method 
 
2.2.1 Ethyl valerate and nonyl caprylate synthesis  
 
 The reaction system consisted of carboxylic acid and 
alcohol (1:1) and 5% of enzymes (w/w) were mixed in a 
screw-capped vial. The mixture was incubated at 37 °C 
using a horizontal waterbath shaker. The shaking speed was 
set at 150 rpm and the reaction mixture was continuously 
reacted for 12 hours.  
 
2.2.2 Analysis of reaction product  
 
 Determination of the percentage conversion of ethyl 
valerate and nonyl caprylate (%): The percentage 
conversion (%) of ethyl valerate nonyl caprylate was 
measured by determining the remaining unreacted fatty 
acids in the reaction mixture by titration with 1.0 M NaOH 
in an automatic titrator (Methrom, Switzerland). All the 
samples were assayed in triplicate and the experiment was 
repeated twice. 
 
Conversion of flavour ester (%) =  
Volume of NaOH (without enzyme) – Volume of NaOH (with enzyme)   X 100     
                                   Volume of NaOH (without enzyme) 
 
 
2.2.3 Effect of reaction time  
 
 The effect of time in the flavour ester synthesis was 
investigated by varying reaction periods (5, 10, 15, 30, 45, 
60, 90, 120, 150 and 180 minutes for ethyl valerate) and (1, 
2, 3, 4, 5, 6, 8, 10 and 12 hours for nonyl caprylate) while 

fixing the other conditions. The percentage conversion was 
determined as described above. 
 
2.2.4 Effect of temperature  
 

The reaction mixtures were incubated at various 
reaction temperatures (30, 35, 40, 45, 50, 55, 60, 70 and 
80˚C) while fixing the other conditions. Percentage 
conversion of flavour ester was determined as described 
above. 
 
2.2.5 Effect of amount of enzyme 
 

The reactions were studied using various amount of 
enzyme (5, 10, 15, 20, 25 and 30 % (w/w)) while fixing the 
other conditions. Percentage conversion of flavour ester was 
determined as described above. 
 
2.2.6 Effect of shaking speed 
 

The reaction mixtures were reacted with different 
shaking speed (50, 100, 150, 200 and 250 rpm) while fixing 
the other conditions. Percentage conversion of flavour ester 
was determined as described above. 

 
3. RESULTS & DISCUSSION 
 
3.1 Screening of immobilized enzymes 
 

Optimization of enzymatic synthesis of ethyl valerate 
and nonyl caprylate was carried out in screw-capped vials. 
A conventional method of varying one parameter-at-a-time 
is applied to obtain the optimum operating conditions. The 
effect of various parameters that influenced the reactions 
including temperature, time course, enzyme amount and 
shaking speed were studied. Preliminary study on screening 
of immobilized enzyme showed that novozym 435 gave the 
highest percentage conversion compared to lipozyme TLIM 
and lipozyme RMIM. As shown in figure 1, the highest 
percentage conversion of flavour ester using novozym 435 
was 73% for ethyl valerate and 82% for nonyl caprylate. 
This explained that immobilized lipase from Candida 
antarctica, Novozym 435 have the specificity to form an 
ester bond. As reported previously [6], Novozym 435 is the 
most commonly used lipase in biocatalysis and it promotes 
the reaction between a wide range of primary and secondary 
alcohols and carboxylic acids. It is a highly versatile 
catalyst with activity towards a great variety of different 
substrates.  

 
3.2 Effect of reaction time 
 

The time course is a good indicator of enzyme 
performance and reaction progress. It can determine the 
shortest or adequate time necessary to obtain a good yield 
and minimize the process cost. Figure 2 shows the reaction 
time profile for the esterification reaction of valeric acid 
with ethanol and caprylic acid with nonanol catalyzed by 
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Novozym 435. Experiments at nine different times were 
carried out to analyze its influence on the esterification 
reaction. 

The rate of reaction and overall increased with 
increasing reaction time. The result for ethyl valerate 
suggested that the reaction proceed rapidly within 45 
minutes (77.7%).  There after, the percentage conversion 
remains at 90 minutes (77.53%) and slightly decreased at 
120 minutes (76.07%). For nonyl caprylate, the percentage 
conversion shows a different profile where the reaction take 

about 5 hours to achieve equilibrium with percentage 
conversion (87.98%). The percentage conversion shows 
high increment at 6 hours (88.5%). However the conversion 
has decreased back at 8 hours (85. 20%). This was due to 
the production of water molecule, which had achieved the 
equilibrium state. As the reaction proceeds, the substrates 
concentration decreased which led to a fall in the degree of 
saturation of the enzyme with substrate.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)       (b) 
Figure 1: Effect of different types of immobilized lipase on the synthesis of ethyl valerate (a) and nonyl caprylate (b). Reaction condition: 
reaction time; 24 hours, temperature; 37 °C, amount of enzyme; 5% (w/w) and agitation speed of 150 rpm. 

 
 

 
 

(a)       (b) 
Figure 2: Effect of reaction time on the synthesis of ethyl valerate (a) and nonyl caprylate (b). Reaction condition: temperature; 37 °C, 
amount of enzyme; 5% (w/w) and agitation speed of 150 rpm. 
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(a)       (b) 

Figure 3: Effect of reaction temperature on the synthesis of ethyl valerate and nonyl caprylate. Reaction condition: reaction time; 2 hours, 
amount of enzyme; 5% (w/w) and agitation speed of 150 rpm. 

 
 

 
(a)       (b) 

Figure 4: Effect of amount of enzyme (w/w) on the synthesis of ethyl valerate (a) and nonyl caprylate (b). Reaction condition: reaction 
time; 2 hours, reaction temperature; 37 °C  and agitation speed of 150 rpm. 

 
 

 
(a)       (b) 

Figure 5: Effect of shaking speed on the synthesis of ethyl valerate (a) and nonyl caprylate (b). Reaction condition: reaction time; 2 
hours, reaction temperature; 37 °C and amount of enzyme 5 % (w/w).  
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3.3 Effect of temperature 
 

Changes in the reaction temperature can affect the 
activity and stability of the enzyme and thus the rate of 
reaction. Effect of temperature also can be apportioned to 
its effect on substrate solubility as well as its direct 
influences on the esterification reaction and the enzyme. 
Figure 3 shows the influence of temperature on the 
esterification reaction within temperature range between 30 
– 80 ºC for ethyl valerate and nonyl caprylate. 

Initially, the percentage conversion for ethyl valerate 
increased with increasing temperature from 30 ºC (73.29%) 
to 40 ºC (77.39%). This due to the fact that, energy received 
from heat of higher temperature was used to increase the 
frequency of collision between the molecules . The 
percentage conversion was slightly decreased at range of 
45ºC - 55ºC and decreased sharply at 70 ºC to 80 ºC 
(66.65%). An increment in the reaction temperature 
improved the substrates solubility and dissociation and 
decrease in the binding equilibrium, leading to unfavorable 
esterification conditions [9].  

The conversion for nonyl caprylate also 
demonstrated the positive effect on the temperature in the 
esterification reaction. The percentage increased with 
increasing temperature from 30 ºC (32.86%) to 40 ºC 
(87.47%). High percentage conversion is also attributed to 
the enzyme immobilization, which has conferring stability 
to the lipase. Novozym 435 is a lipase from Candida 
antartica immobilized on a microporous acrylic resin is a 
tolerance product with maximum activity in the high 
temperature (40-60 °C). On the other hand, the percentage 
conversion of nonyl caprylate remains unchanged till 55 ºC 
(87.65 %).  The percentage conversion was sharply dropped 
at 60 ºC (73.1 %). This is probably because beyond a 
critical temperature, the enzyme molecule will unfold and 
altered its tertiary and quaternary structure (three-
dimensional conformation). Consequently, the catalytic 
energy of lipase will reduce due to the denaturation process 
occurred [10]. 
 
3.4 Effect of amount of enzyme 
 

From an applied point of reaction, the substrate 
concentration should be as high as possible to obtain a 
higher degree of esterification. Simultaneously, the amount 
of immobilized enzyme used should be as low as necessary 
to obtain the desired product. Amount of enzyme plays a 
crucial role in any biocatalytic process especially in large 
scale production. Its influence on the reaction was therefore 
assessed to facilitate determination of the minimal amount 
necessary for achieving goods yield. 

The influence of varying amount of enzyme 
corresponding from 5 to 30% (w/w) on the esterification 
reaction of valeric acid with ethanol and caprylic acid with 
nonanol is shown in Figure 4. For ethyl valerate, the percent 
of conversion illustrated constant increased from 5 (75.3%) 
to 15% (w/w) (80.0%). The increase in enzyme amount 
affected the percentage conversion and slightly decreased at 

20% (75.9%) and finally dropped to 72.7% at 30% of 
enzyme amount. In addition, the percentage conversion of 
nonyl caprylate showed a small difference. It had increased 
from 5 (37.7%) to 10% (w/w) (88.6%) and kept constant 
when the amount of enzyme increased untill 25 % (92.7%) 
before slightly decreased at 30 % (91.2%).  

The result shows an excess of enzyme amount did 
not contribute to the increase in the percentage conversion. 
This is also similar with what was reported previously [11] 
and sometime it would decrease the yield of the product. At 
saturation point, all the substrates are bound to the enzyme 
and added enzyme molecule could not find any substrate to 
serve as a reactant. If the enzyme concentration is increased 
above this point, the reaction will slightly decline due to the 
steric hindrance produced by excessive enzyme. In such 
condition, the reaction can increase by increasing the 
substrate concentration, because substrate was the limiting 
factor. In esterification reaction, the amount of enzyme will 
influence the total reaction times, which are required to 
achieve desired conversion. The most significant main 
effect in enzymatic esterification reaction is the initial 
catalyst concentration [12]. This effect has positive 
influence on ester yield. 

 
3.5 Effect of shaking speed 
 

To observe the effect of mass transfer limitations, the 
effect of shaking speed between 50 rpm and 250 rpm on 
reaction rates was studied. The results for different shaking 
speed are shown in Figure 5. The initial rate increased with 
the increasing of shaking speed. Above 100 rpm (72.1 %) 
shaking speed, the conversion of ethyl valerate almost 
constant. In contrast with nonyl caprylate, it was found that 
the substrate conversion increased progressively to reach a 
maximum at 200 rpm (86.5 %), beyond which the 
conversion remained unchanged [13].  

Minimum mass transfer resistance was noticed at 100 
rpm for ethyl valerate and 200 rpm for nonyl caprylate 
which did not further increase upon increasing the shaking 
speed. Shaking speed play a major role in a molecule 
movement. Higher shaking speed can increase the 
movement of molecules, thus resulting the high 
combination of enzyme to substrates. Moreover, it will also 
increase external mass transfer rates between the bulk phase 
of the reaction mixture and the surface of enzyme 

 
 

4. CONCLUSION  
 

Four parameters were chosen to optimize the 
synthesis of flavour esters, namely reaction time, 
temperature, amount of enzyme and shaking speed. A 
maximum percentage for nonyl caprylate of more than 90 % 
in a solvent-free system was obtained at reaction time (RT) 
of 5 hours, reaction temperature of 40 °C, amount of 
immobilized lipase of 25 % w/w of total substrate and 
shaking speed of 200 rpm. Compared to ethyl valerate, a 
maximum percentage conversion of more than 80 % in 
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solvent free system was obtained at reaction time (RT) of 
45 minutes, reaction temperature of 40 °C; amount of 
immobilized lipase of 15 % w/w of total substrate and 
shaking speed of 200rpm. This work suggests that flavour 
esters can be produced at a very high yield and in a short 
period by lipase-catalyzed reactions. The high percentage 
conversion is also essential for possible large scale 
synthesis. 
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