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Abstract: The aim of this paper is to screen suitable reaction systems for the modification of antioxidants through enzy-
matic synthesis. Enzymatic esterification of ascorbic acid with conjugated linoleic acid (CLA) was investigated as a mod-
el. Four organic solvents and five different enzymes were evaluated. Results show that only Novozym® 435 turned out to 
be a useful enzymatic preparation for the production of ascorbyl-CLA ester. The optimum reaction conditions in the or-
ganic solvent system were 4 h at 55°C and at a molar ratio of 5 (CLA/ascorbic acid). The esterification reaction was trans-
ferred to an ionic liquid system for the purpose of improving solubility of the polar substrate and avoiding the application 
of organic solvents. From screening experiments, it was evident that only methyltrioctylammonium triflouroacetate (tO-
MA·TFA) could provide a proper reaction environment for production of ascorbyl-CLA ester when using Novozym® 435 
as biocatalyst. It was possible to significantly increase the productivity (150 g/l) through the increase of ascorbic acid sol-
ubility in ionic liquids by super saturation together with the increase of reaction temperature to 70°C, far beyond than that 
in organic solvents (35 g/l) after preliminary optimizations for both systems. 
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INTRODUCTION 

 An increasing amount of evidence compiled over the last 
30 years, supports the nutritional benefits of dietary Ʊ-3 
polyunsaturated fatty acids (PUFAs), which present in high 
amounts in marine oil [1]. However, Ʊ-3 PUFAs are highly 
susceptible to oxidative deterioration because of a high de-
gree of unsaturated nature, and it will lead to the formation 
of unpleasant fishy off-flavors, reactive free radicals, and 
aldehydes. Oxidative deterioration seems to be particularly 
prominent in emulsions and complex food systems, and the 
particular mechanisms of oxidation can differ significantly 
between different food emulsion systems [2]. Moreover, the 
efficacy of antioxidants seems to be influenced by their lo-
calization in the food systems, which is dependent on the 
polarity of the antioxidant and on the emulsifier used. There-
fore, it is necessary to develop new antioxidants based on 
natural sources with improved physical properties. These 
antioxidants are designed to be placed where they are needed 
and to have the right anti-oxidative properties required in the 
particular food system (e.g. free radical scavenging or metal 
chelating properties).  
 Ascorbic acid (Vitamin C) is an antioxidant which can be 
widely found in nature, however it is a hydrophilic com-
pound and difficult to apply in cosmetics or in the presence 
of fats and oils. A simple method is to esterify ascorbic acid 
with a fatty acid, which will result in an amphiphilic mole-
cule which will not only improve solubility of ascorbic acid  
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in hydrophobic media but will also enhance its radical scav-
enging performance [3]. The majority of the previous inves-
tigations concerns the esterification of ascorbic acid with 
palmitic, oleic or linoleic acids in organic solvent systems 
and resulted in relatively lower productivities [3-7]. This 
paper investigates the enzymatic esterification of ascorbic 
acid with conjugated linoleic acid (CLA). In recent years, the 
nutritional benefits of CLA have been studied extensively, 
and especially the weight reducing and cancer suppressing 
effects have received significant attention [8, 9]. Additional-
ly, antioxidant properties of CLA have also been proposed. 
Even though the radical scavenging activity of CLA was 
lower than those of the commercial antioxidants such as α-
tocopherol, ascorbic acid and BHT, a concentration depend-
ant reduction of free radicals in model assays were observed 
[10]. Likewise, it has been shown that the oxidative stability 
of eicosapentaenoic acid (EPA) was increased by esterifica-
tion with ascorbic acid [11]. The present investigations con-
cern the optimization of the enzymatic esterification in a 
solvent system with respect to enzymes, solvents, reaction 
temperatures, and molar ratios for the purpose of increase of 
volumetric productivity.  
 Application of ionic liquids as reaction medium for en-
zymatic synthesis is becoming increasingly widespread. 
However, very few studies on the esterification of ascorbic 
acid in ionic liquids have been published [12]. A very recent 
study on the synthesis of ascorbyl oleate in ionic liquids has 
been conducted by Adamczak M and Bornscheuer UT [13], 
where they showed that a high production of ascoybyl oleate 
can be achieved in ionic solvent systems. In contrast to these 
previous studies, we have studied the use of mixture systems 
between ionic liquids and organic solvents, where much 
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higher volumetric productivity has been demonstrated [14]. 
In order to create the possibility of avoiding the application 
of organic solvents, this paper investigates and compares the 
change of esterification of ascorbic acid with CLA, when 
transferred to an ionic liquid system from organic solvent 
systems. Five ionic liquids were selected and screened for 
their ability to provide a useful environment for the enzymat-
ic reaction and the reaction conditions in the selected ionic 
liquid systems were optimized to increase product concentra-
tion. 
 The present study evaluates the organic solvent system 
first based on the state of the art, and then looks further into 
the pure ionic liquid system with a focus particularly on 
volumetric productivity. A comparison can then be made to 
demonstrate the possible pros and cons of the two systems 
for the enzymatic synthesis of ascorbyl esters. 

MATERIALS AND METHODS 

Chemical and Reagents 

 L-Ascorbic acid (99%), molecular sieves (3 Å, 4-8 
mesh), free fatty acids (97% - 99%) and organic solvents 
(>96%) were purchased from Sigma-Aldrich Co. (St Louis, 
USA). Conjugated linoleic acid (CLA) with >80% (9Z,11E)- 
and (10E, 12Z)-isomer content, was obtained from Congnis 
Deutschland GmbH (Manheim, Germany). Mixture of 
DHA/EPA (5:1) was purchased from Promega A/S, Den-
mark, and it contains 60% of polyunsaturated fatty acid. All 
ionic liquids with minimum 98% of purity were purchased 
from Solvent Innovation GmbH (Köln, Germany). Methyl-
trioctylammonium trifluoroacetate (tOMA∙TFA) with 99% 
of purity was from Merck KGaA (Darmstadt, Germany). 
Novozym® 435, Lipozyme® RM IM, and Lipozyme® TL IM 
were provided by Novozymes A/S (Bagsvaerd, Denmark). 
Lipase AK 20 and Lipase PS 30 were provided by Amano 
(Nagoya, Japan). All other chemicals and solvents were 
analytical grade. 

Typical Experimental Procedure 

 A traditional solvent system was composed of ascorbic 
acid (2.1 mmol), CLA (8.5 mmol), molecular sieves (0.75 g) 
and 15 ml of organic solvent. Reactions were initiated at 55 
oC and 400 rpm by adding 410 mg enzyme. Screening of 
enzymes was performed in tert-butanol under the same con-
ditions demonstrated above. The conditions used in the tradi-
tional solvent system were also applied for examination of 
initial concentration of ascorbic acid and molar ratio between 
CLA and ascorbic acid. Reaction mixtures were continuous-
ly stirred at atmospheric pressure and the temperature was 
controlled by a thermostatic water bath. 
 In an ionic liquid system, reactions were conducted at 55 oC 
in the presence of 282 mg Novozym® 435 instead. Systems 
was composed of ascorbic acid (1.22 mmol), CLA (6.09 
mmol) and ionic liquids (0.5 ml). Reaction mixtures were 
stirred at 300 rpm under 3 mbar vacuums, while pressure 
was controlled by a vacuum-pump (VWR PC301). Effects of 
temperature (from 55 oC to 70 oC) and initial concentration 
of ascorbic acid (from 0.81 M to 2.44 M) were studied base 
on the same condition as above.  

HPLC Analysis 

 Samples (20 µl) were taken from the reaction mixture at 
regular intervals, dissolved in 1 ml dimethyl sulphoxide 
(DMSO), filtered (PFTE membrane, 0.45 µm, Subware, 
Hillerød, Denmark) and analyzed by HPLC with UV-
detection. HPLC analysis was conducted by using a Hypersil 
C18 column (250 × 4.6 mm, 5 µm, Supelcosil Inc., Bellefon-
te, PA) in an Agilent HPLC system. The system is equipped 
with an ultraviolet diode-array detector (UV-DAD), an auto-
sampler, an online degasser and a column heater. The eluents 
were composed of solvent A (methanol and acetonitrile, 
50/50 (v/v)), and solvent B (water with 1 wt% of phosphoric 
acid). A 2 µl volume of the diluted reaction mixture was 
injected and separated at 15 oC with a flow rate of 1 ml/min. 
The elution gradient was as follows: start with 80% of sol-
vent A, and then increased to 100% over 15 minutes. This 
condition was maintained for 2 min and then brought back to 
initial conditions over 3 mins. Products were detected under 
240 nm UV light. The formation of esterified product was 
determined as g CLA ascorbate equivalents/l (APE) in each 
reaction batch. All analyses were conducted in triplicate and 
the averages ( APE ) were used for evaluation. The relative 
standard deviations (SD*100/ APE ) were below 5.3%. 

Solubility Calculation of Ascorbic Acid Assisted by 
COSMO-RS 

 Based on an earlier study [15], a commercial program, 
COSMO-RS (COSMOlogic GmbH & Co KG, Leverkusen, 
Germany), was employed to calculate the solubility of ascor-
bic acid in ionic liquids or other solvents based on a quantum 
chemistry model. In general, generation of molecular COS-
MO files was implemented on Turbomole 5.8. Infinite dilu-
tion activity coefficients were used for solubility calculations 
of ascorbic acid in ionic liquids with a non-iterative mode on 
CosmothermX_2.2. In order for the comparison, we also 
calculated the solubility of ascorbic acid in the organic sol-
vents used in above.  
 According to the prediction by the software, it shows 
solubility of ascorbic acid in tOMA·TFA and ECOENG 218 
/ EMIm OS is much higher than other ionic liquids and or-
ganic solvents – 100 g of each these two ionic liquids can 
dissolve more than 15 g of ascorbic acid. ECOENG 21 M is 
seemed to have some solubility to ascorbic acid (about 6 g in 
100 g ionic liquid), but BMIm PF6 and BMIm BF4 are only 
seemed to have minor solubility. In organic solvents, it was 
predicted that solubility of ascorbic acid in acetone > tert-
butanol > 2-methyl-2-butanol, and ascorbic acid is hardly 
dissolved in hexane (Table 1). 

RESULTS AND DISCUSSIONS 

Enzyme Screening in Organic Solvents 

 There have been a number of studies to apply solvent 
systems for such esterifications previously [3, 15]. Based on 
these studies, we proposed to make a practical evaluation in 
terms of volumetric productivity. This aspect was not clear 
in previous researches. We first made an evaluation of avail-
able immobilized lipases, followed by an evaluation of sol-
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vents. Fig. (1) shows the transient changes in the conversion 
to CLA L-ascorbate ester through condensation of CLA and 
ascorbic acid catalyzed by five different immobilized lipases. 
Results showed the esterification of ascorbic acid with CLA 
in tert-butanol was only efficient when used Novozym® 435 
as a catalyst (Fig. 1). Application of Lipozyme® RM IM 
produced small amounts of the desired product, whereas 
Lipozyme® TL IM, Lipase AK20 and Lipase PS30 were not 
efficient at all. It is generally known Novozym® 435 is the 
best lipase for esterifications in organic solvents. However, 
we can see from this study that there was a large difference 
between Novozym® 435 and the rest selected lipase (20 
times). This has not been previously reported. The initial 
tests also indicated that the equilibrium was reached with-
in/after four hours at 55°C (Fig. 1). 

Organic Solvents Screening and Influence of Initial Con-
centration of Ascorbic Acid 

 Fig. (2) shows the esterification effect of Novozym® 435 
in four different organic solvents. A high production was 
obtained in both tert-butanol and acetone, but only a low 
amount of product was formed in reaction using 2-methyl-2-
butanol. The esterification reaction mediated by Novozym® 
435 did not take place in hexane at all (Fig. 2). These results 
are consistent with previous studies, which showed a good 
conversion in both acetone and tert-butanol. Likewise, these 
studies investigating the enzymatic synthesis of ascorbyl-
esters showed that no reaction was observed in hexane [3, 
16]. The superior performance of the intermediate hydro-
philic solvents was likely due to increased solubility of 

Table 1. Predicted Solubility of Ascorbic Acid and CLA in Different Ionic Liquids and Solvents at 25 °C 
a
 

Solvent 
Predicted Solubility (g/100g Ionic Liquid or Solvent) of  

Ascorbic Aicd CLA 

tOMA·TFAb >15c  >15c 

ECOENG 218 / EMIm OSb >15c >15c 

ECOENG 21Mb 6.0 >15c 

BMIm PF6b 0.6 0.2 

BMIm BF4b 0.4 1.1 

Acetone  <10c Soluble 

tert-butanol 4.99 Soluble 

2-methyl-2-butanol 3.2 Soluble 

Hexane 0 Soluble 
aCalculated by COSMO-RS. See Method Section for details. 
btOMA·TFA: methyl-trioctyl-ammonium; ECOENG 218/EMIm OS: 1-ethyl-3-methyl-imidazolium n-octylsulfat; ECOENG 21M: 1-ethyl-3-methyl-imidazolium 2(-
2methoxyethoxy)-ethylsulphate; BMIm PF6: 1-butyl-3-methyl-imidazolium hexafluorophosphate; BMIm BF4: 1-butyl-3-methyl-imidazolium tetrafluoroborate 
cPredictions using COSMO-RS were poor in these cases. 

 

Fig. (1). Enzyme screening in a selected reaction system with tert-butanol as solvent. Novozym® 435 (▲), Lipozyme® RM IM (■), 
Lipozyme® TL IM (◆), Lipase AK 20 (□) and Lipase PS 30 (△) were studied. Reaction conditions: 2.1 mmol ascorbic acid and 8.5 mmol 
CLA were dissolved in 15 ml tert-butanol. Reactions were conducted in jacketed reactors at 55 °C and 400 rpm with the presence of 0.75 g 
molecular sieves. 
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ascorbic acid in these solvents compared to hydrophobic 
solvents as predicted by COSMO (Table 1). On the other 
hand, highly hydrophilic solvents may dissolve the water, 
which is otherwise necessary to keep the enzyme in its active 
configuration. This hypothesis was supported by further 
experiments, which showed that increasing ascorbic acid 
concentrations above saturation limits in the tert-butanol 
system significantly increased product concentration. Initial-
ly, a concentration of 10 g ascorbic acid/l gave a productivity 
of 8.3 ± 0.02 g/l, whereas increasing the ascorbic acid con-
centration to 25 g/l and 50 g/l increased the productivity to 
26.1 ± 0.6 and 32.3 ± 0.2 g/l, respectively (Fig. 3). As indi-
cated in this situation, the maximum productivity is ham-
pered in the scale of 35 g/l, where excessive ascorbic acid is 
used which has brought problem for the handling of the solid 
existing system. 

Free Fatty Acids Screening 

 A further study was carried on using a wide range of free 
fatty acid with different carbon length or unsaturated state. 
The purpose of this study was to investigate the esterification 
rate of ascorbic acid with different free fatty acid. Serials of 
reactions were done in tert-butanol using Novozym® 435 as a 
catalyst. Six kinds of free fatty acids (FFA) were chosen for 
study, which included caprylic acid (C8), lauric acid (C12), 

palmitic acid (C16), oleic acid (C18:1), linoleic acid (C18:2), 
CLA and EPA/DHA (C20:5/CC22:6). Results show that the 
length of carbon chain and the number of double bond had 
great influence on the esterification rate with ascorbic acid 
(Fig. 4). It appears that shorter carbon chains of free fatty 
acids have higher esterification rate. The initial reaction rate 
of caprylic acid with ascorbic acid was 10.9 mg/ml/h. How-
ever, when longer carbon chains of free fatty acids were 
used, the initial reaction rate decreased steadily. For exam-
ple, the initial reaction rate of lauric acid, palmitic acid and 
oleic acid were 9.5 mg/ml/h, 5 mg/ml/h and 0.4 mg/ml/h 
respectively. On the other hand, the initial reaction rate of 
linoleic acid was 5.9 mg/ml/h, which is much higher than 
that of oleic acid. This observation indicates that PUFAs 
may favor the esterification reaction. This hypothesis was 
further supported when mixture of PUFAs (EPA/DHA) were 
used as a reaction substrate, which initial reaction rate was 
1.8 mg/ml/h, and we all have known that EPA/DHA has a 
longer length and more double bonds on the carbon chain 
than oleic acid. What is worth noting is that the initial ration 
rate of CLA was significant higher than other free fatty acid 
(33.6 mg/ml/h). This is probably due to the conjugated dou-
ble bond and high UV absorbency of CLA. 

Influence of Molar Ratio of Substrates 

 

Fig. (2). Effects of organic solvents on enzymatic esterification. Reaction conditions: 2.1 mmol ascorbic acid and 8.5 mmol CLA were dis-
solved in 15 ml tert-butanol (□), acetone ( ), 2-methyl-2-butanol (O), or n-hexane (△). Reactions were initiated by adding 410 mg Novo-
zym® 435. Other reaction conditions were the same as described in methods section. 

 

Fig. (3). Effects of initial concentration of ascorbic acid on the production of conjugated ester. Concentrations of ascorbic acid were 10 g/l 
(56.8 mM), 25 g/l (142 mM), and 50 g/l (284 mM) respectively. Reactions were carried out in 15 ml tert-butanol at 55 °C and 400 rpm. 15% 
of Novozym® 435 was used as catalyst. Molar ratio between ascorbic acid and CLA was 1:5.  

   10 (g/l)    25 (g/l)     50 (g/l) 

Concentration of ascorbic acid 
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 The influence of the molar ratio between acyl donor and 
ascorbic acid were initially investigated in the interval R 
(CLA/ascorbic acid) from 1 to 10. A four-fold increase was 
observed when increasing the ratio from 1 to 5, but only 
minor increases were observed between 5 and 10 (Fig. 5). 
The optimum ratio was subsequently determined to be 5 by 
the response surface modeling (detail study omitted). These 
results agree with previous studies of ascorbic acid esterifi-
cation performed in acetone at 50 °C, where a linear increase 
between R and equilibrium conversion was observed until R 
was equal to 5 [5].  

Ionic Liquids Screening 

 In general, the major drawback for organic solvents was 
the low solubility of ascorbic acid, which was the bottleneck 
for the improvement of the volumetric productivity, even 
though certain super saturation did improve the productivity 
significantly as shown above. It is still advisable that a high-
er solubility should be achieved. For this concern, we inves-
tigated the possibility of several ionic liquids that usually 
have better solubility [14]. Calculations of the solubility of 
ascorbic acid and CLA were performed for eleven different 
ionic liquids by COSMO-RS (Leverkusen, Germany). Five 

of these ionic liquids seemed to have some potential solubili-
zation with respect to ascorbic acid and CLA (Table 1), and 
were therefore tested as reaction medium for the enzymatic 
esterification.  
 The results showed that only tOMA·TFA could provide a 
proper reaction environment for the enzymatic esterification 
and resulted in useful levels of ascorbyl-CLA ester. About 
11 g/l of ascorbyl-CLA ester was achieved when reaction 
was carried out at 55 °C in tOMA·TFA On the other hand, 
BMIm BF4, BMIm PF6, ECOENG 218/EMIm OS and 
ECOENG 21M resulted in only minor formation of the 
ascorbyl-CLA esters (1-5 g/l) when reactions were carried 
out under the same conditions as in tOMA·TFA. Those four 
ionic liquids which gave lower production of ester were 
hence not included in the following optimization of the reac-
tion system (Fig. 6). 
 The highest production obtained in the tOMA·TFA-
system was in accordance with the calculated solubility val-
ues (Table 1). Ascorbic acid had a significantly highest solu-
bility in tOMA·TFA compared to other ionic liquids. CLA 
also had good solubility in tOMA·TFA, and hence the high-
est production was obtained with tOMA·TFA as a reaction 

 

Fig. (4). Screening of free fatty acid. 2.1 mM of ascorbic acid was mixed with free fatty acids in the molar ratio of 1 to 5. Reactions were 
carried out in tert-butanol at 55 °C using Novozym® 435 as catalyst.  

 
Fig. (5). Screening of molar ratio between ascorbic acid and CLA. Concentration of ascorbic acid was fixed to 2.1 mM. CLA was various 
from 2.1 mM to 21 mM to get molar ratio of 1:1 (◆), 2.5:1 (■), 5:1 (△), 7.5:1 ( ), and 10:1 (□). All reactions were carried out in 15 ml tert-
butanol at 55 °C and 400 rpm using 15% Novozym® 435 according to weight load. 
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medium for the esterification. ECOENG 218/EMIM.OS also 
has very good solubility for ascorbic acid and CLA, but 
application of this ionic liquid did not result in any signifi-
cant formation of ascorbyl-CLA ester. This illustrates that 
solubility of substrates is not the only factor influencing 
efficiency of enzyme in ionic liquid systems. Important fac-
tors which can affect the catalytic activity of enzyme also 
include the ability of the ionic liquid to bind water, ionic 
interactions between the ionic liquid, and the enzyme accord-
ing to previous studies [17, 18]. Furthermore, we speculated 
that the amphiphilic nature and hence potential surface active 
properties of the n-octyl sulphate anion might affect its be-
havior as a reaction medium. Molecular interaction between 
the anion and the fatty acid CLA might occur, and subse-
quently reduce the availability of the CLA to the enzyme, 
which again would reduce the production.  
 The production of ascorbyl-CLA ester obtained by using 
BMIM BF4 was much lower than what had been obtained in 
a previous study investigating the esterification of ascorbic 
acid using palmitic acid [12]. In the present study, the 
amount of ascorbic acids and fatty acids were 12 and 51 
times higher, respectively, whereas dosage of the enzyme 
was 6 times higher, but still only a very limited amount of 
ascorbyl ester was formed. The results indicate that the final 
production is affected by the type of fatty acids used. Even 
though BMIM BF4 is a hydrophilic ionic liquid, the solubili-
ty of glucose has been shown to be very low [19]. Likewise, 
our calculated solubility of ascorbic acid was also low. This 
probably contributed to the low production observed. Final-
ly, it also seems that, in contrast to BMIM BF4, BMIM PF6 
is considered a hydrophobic ionic liquid. BMIM PF6 is a 
relatively common ionic liquid, in which Novozym® 435 
has been shown to retain at least 50% of its activity after 48 
h at 50°C [20]. Still, low production were obtained with 
BMIM PF6, where again this could be caused by low solu-
bility of both substrates in BMIM PF6 (Table 1). Overall, the 
results with BMIM PF6 correspond well with previous stud-
ies on ascorbic acid esterification [8]. In general, it seems 
that no direct relationships between the hydrophilic/ hydro-
phobic properties of the ionic liquids and the activity of 

different enzymes have been established [18]. This indicates 
that more issues than just hydrophobic/-philic properties and 
solubility are related to affect the activity of enzyme.  

Influence of Initial Concentration of Ascorbic Acid in 
Ionic Liquid 

 Similar to the esterification in the tert-butanol system, an 
increase in ascorbic acid concentration above its saturation 
limits increased product concentration significantly. Dou-
bling the ascorbic acid concentration from 0.41 to 0.82 
mmol/ml increased the productivity from 10.6 g/l to 63.4 g/l 
of ester product, which is almost six times increasing. Fur-
thermore, a 6-fold increase in concentration of ascorbic acid 
to 2.44 mmol/ml gave an 8-fold increase in ascorbyl-CLA 
ester production (94.2 g/l) after 32 h reaction (Fig. 7).  

Effects of Temperature and Pressure on Conversion in 
Ionic Liquid 

 The low volatility of ionic liquids permits the use of 
higher reaction temperatures. A significant increase in reac-
tion rate was observed when temperature was increased from 
55°C to 70°C, and the volumetric productivity was increased 
by 60 % after 32 h (Fig. 7). Certainly this could be mostly 
attributed to the reduction of viscosity due to increase of 
temperature. On the other hand, the enzymatic activity was 
surely increased as well following Arrhenius law within the 
temperature range. Additionally, we also noticed that the use 
of vacuums to remove water, which was formed during the 
esterification reaction, did not increase product formation 
further. The volumetric productivity obtained at atmospheric 
pressure was 40 % higher than what was obtained at 3 
mbars. This could indicate that too much water is removed to 
keep the enzyme in its active configuration at 3 mbars. It 
could be also that ionic liquids played an important role to 
isolate water from the reaction equilibrium. Further study 
should be conducted to investigate the vacuum effect in a 
more detail plan. 
 As an evident conclusion for the ionic liquid system, it 
should be noticed that it possible to get up to more than 200 

 

Fig. (6). Ionic liquids screening. Reactions were carried out at 55 °C under vacuum (3 mbar) and 15% of Novozym® 435 was applied. 
Ascorbic acid (0.41 mmol/ml) was mixed with CLA (2 mmol/ml) to give a molar ratio of 1:5. Five ionic liquids were evaluated: tOMA·TFA 
(◆), ECOENG 218/ EMIm OS (O), ECOENG 21M (□), BMIm PF6 ( ), BMIm BF4 ( ).  
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g/l productivity in the selected ionic liquid system. This 
could be six times of that in the traditional solvents. It cer-
tainly demonstrates more potentiality of the system for fur-
ther development. 

CONCLUSIONS 

 These studies show that ascorbic acid can be esterified 
with the nutritionally important CLA in an organic solvent 
system as shown in literature for other esters such as ascor-
byl palmitate. More interestingly, this enzymatic esterifica-
tion was successfully transferred to an ionic liquid system 
consisting of tOMA·TFA. The enzymatic reaction in the 
ionic liquid system was preliminarily optimized. Overall 
high production up to 200 g ascorbyl ester/l reaction batch 
was obtained in comparison with maximum 35 g/l for the 
organic solvent system. This is a significant increasement 
considering the possibility of the volumetric productivity of 
the process. On the other hand, the reaction time will be 
longer for the ionic liquid system. The separation of product 
could be more difficult also for the ionic liquid system. 
Therefore, the decision of which one is better should be 
further evaluated. Obviously the study provides a prelimi-
nary evaluation in terms of volumetric productivity for the 
purpose to inspire more research. 
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