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ABSTRACT 
Sugar esters are widely used nonionic and nontoxic bio
conventional chemical synthesis. This article is concerned with modified lipases catalyzed synthesis of glucose 
solvent. Sorbitan monostearate and porous celite w
Pancreatic porc (PPL).The biocatalysts prepared were 
glucose and lauric acid in ethylmethylketone medium. The 
discussed. Optimal conversion was around 45%
reaction. 
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1. INTRODUCTION 
 Sugar fatty acids are known to be tasteless and
nonionic surfactants. They are biodegradable
nonirritant and have various applications [1]. Their synthesis by 
enzymatic route is currently widespread 
esterification in organic solvents [3] has recently received much 
attention by bioindustries. 
 Enzymes such as lipase often exhibit innovative catalytic 
functions in organic solvents as improvement the solubility of 
hydrophobic substrates and facilitation of product recovery 
Modification of the surface of lipase to 
denaturation in an organic solvent has widely been achieved. 
Surfactant-coated lipase [5] and lipase immobilization
to be the most promising methods although some other proposed 
methods for protecting lipases [7-9]. 
 Lipases present a specific catalytic mechanism of action, 
existing in two structural forms, the closed one, where a lid 
formed by a polypeptide chain, isolates the active site from the 
medium, and the open form, where this lid moves and the active 
center is exposed [10]. This equilibrium is shifted towards the 
open form in the presence of hydrophobic surfaces like celite or 
sorbitan monostearate [11]. 
 This article is therefore focused on the
lipases for the synthesis of sugar nesters. Sugar fatty acid 
are amphiphilic molecules produced by an esterification between 
sugars and fatty acids (scheme 1), with a promising structural 
modification to enhance the better the therapeutic, cosmetic or 
food potential [12-14]. 

2. EXPERIMENTAL SECTION 
 Candida cylindracea and Pancreatic p

II) were purchased from Sigma Co. (USA) and 

received, without further purification. Candida antarctica

lipase immobilized on acrylic resin was provided by Novo 

Nordisk (Bagsvaerd, Denmark). Glucose (Sigma

lauric acid (Merck) were tested as starting materials. All other 

chemicals used in this work were of analytical grade and used 

without further purification. 
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 Although reactions of esterification are generally catalyzed 
by one specific lipase preparation
lipase” could be better explored for the production of sugar esters
[16, 17]. 
 To our knowledge, the reaction of glucose and lauric acid 
being catalyzed by modified PPL and CCL has not been reported 
so far. 
 In this context, lipases from 
and Pancreatic porc (PPL) were adsorbed onto the surfacta
sorbitan monostearate (Span 80) and the specific activities were 
compared in ethylmethylketone (EMK) to crude powder (used 
straight from the bottle). In further comparisons CCL and PPL 
were adsorbed on porous celite support (Accurel EP
In our earlier report, we demonstrated the enhanced synthesis of 
xylose fatty acid esters using immobilized
on celite in organic solvents [18
the improved synthesis of 6-0
enzymatic esterification of α-(+)
different preparations of lipases 
Candida cylindracea was tested and evaluated in this
 Moreover we have included in this study an immobilized 
commercial lipase from Candida antarctica
which is the most frequently used
[20]. 

ancreatic porc lipase (Type 

and were used as 

Candida antarctica type B 

lipase immobilized on acrylic resin was provided by Novo 

Nordisk (Bagsvaerd, Denmark). Glucose (Sigma-Aldrich) and 

were tested as starting materials. All other 

chemicals used in this work were of analytical grade and used 

2.1. Lipase immobilization. 

 Celite (60 mg) was added to 10mL of 0,1 M phosphate 

buffer (pH = 8) containing the lipase

was then stirred with a magnetic bar at 4 ºC and 100 rpm for 0.5 h. 

20 mL of cold acetone were then added. After 2 h, the suspension 

was filtered. The immobilized enzyme was washed with acetone, 

dried in a vacuum desiccator and the

 

lipase
Cn(H2O)n + RCO2H
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Although reactions of esterification are generally catalyzed 

by one specific lipase preparation [15], the concept of “modified 
lipase” could be better explored for the production of sugar esters 

To our knowledge, the reaction of glucose and lauric acid 
being catalyzed by modified PPL and CCL has not been reported 

ipases from Candida cylindracea (CCL) 
(PPL) were adsorbed onto the surfactant 

0) and the specific activities were 
compared in ethylmethylketone (EMK) to crude powder (used 
straight from the bottle). In further comparisons CCL and PPL 
were adsorbed on porous celite support (Accurel EP-100). 

report, we demonstrated the enhanced synthesis of 
ters using immobilized Pancreatic porc lipase 

8]. In present work we are reporting 
0-Dodecanoyl-D-Glucopyranose by 
(+)-D-Glucose. The efficiency of 

of lipases from Pancreatic porc and 
was tested and evaluated in this synthesis. 

we have included in this study an immobilized 
Candida antarctica B (CAL B) [19], 

frequently used lipase in sugar esters synthesis 

Celite (60 mg) was added to 10mL of 0,1 M phosphate 

buffer (pH = 8) containing the lipase (100U/mL). The reaction 

was then stirred with a magnetic bar at 4 ºC and 100 rpm for 0.5 h. 

mL of cold acetone were then added. After 2 h, the suspension 

was filtered. The immobilized enzyme was washed with acetone, 

dried in a vacuum desiccator and then stored at -18ºC [21]. 

lipase
Cn(H2O)n-1 (OCOR)+ H2O
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2.2 Preparation of surfactant-coated lipase. 

 Lipase (100U/mL) in 0.1 M phosphate buffer solution (250 

ml, pH 6.9) and 0.5 g of a surfactant (span 80 dissolved in 10 ml 

ethanol)) were mixed and sonicated in an ultrasonic bath for 30 

min(8-10°C). After incubation for 4 h at 5°C, the translucent 

solution was collected by centrifugation and dried under reduced 

pressure. A white powder was obtained and the yield of enzymes 

was about 35% [22]. 

2.3. Glucose ester synthesis. 

 D-glucose (180 mg, 1mmol) was first dissolved in the 

solvent for one night. After that, lauric acid (200 mg, 1mmol) was 

added, the mixture equilibrated for 15 min, the biocatalyst and 

molecular sieves finally incorporated. 

 Aliquots were removed at intervals, filtered and analyzed 

qualitatively by thin layer chromatography and quantitatively by 

volumetric titration. At the end of the esterification reaction, 

lipases were removed by filtration using filter paper with a pore-

size of 60- mm. After filtration, the solvent was evaporated to 

dryness under reduced pressure. The residue was purified by flash 

chromatography on silica gel using CH2Cl2/MeOH: 90/10 as 

eluent. 

2.4. Analysis. 

 The sugar content was quantified by calculating the 

residual fatty acid amount in the reaction mixture. Samples were 

analyzed by volumetric method: 0.1 g of sample of reaction 

mixture was diluted in 20 mL of 0.1 wt % phenolphthalein 

solution in absolute ethanol and then titrated with standardized 

sodium hydroxide solution of 0.1 M in water [23]. 

 

3. RESULTS SECTION 
 In this work, lipolytic esterification of glucose and lauric 

acid in an organic solvent (EMK) was investigated. CCL and PPL 

interacted with the surfactant span 80 in a buffer solution of pH 

6.9 to form surfactant-coated lipases. The same enzymes were 

immobilized on celite witch is a micro-porous support. The 

interaction between the two provides a new lipase with specific 

chemical, biochemical, mechanical and kinetic properties. 

Immobilized lipases from Candida cylindrecea and Pancreatic 

porc (CCL I and PPL I) and surfactant-coated lipases from 

Candida cylindrecea and Pancreatic porc (CCL C and PPL C) 

were designed to enhance the esterification.  

 The esterification yields for 6-O-Dodecanoyl-D-

Glucopyranose synthesis are given in table 1. 
Table 1. Yields for glucose ester synthesis according to the source of the 
lipase. 

Lipase source T (°C) Yield(%) 
CCL 40 11 

CCL I 60 43 
CCL C 60 09 

PPL 40 12 
PPL I 60 44 
PPL C 60 39 
CAL B 60 44 

 
 Figures 1 and 2 show the time courses of the conversion to 

glucose laurate using surfactant-coated and immobilized CCL and 

PPL prepared by the usual procedure. It was found that the 

catalytic behaviour of modified CCL (Fig.1) and PPL (Fig.2) was 

greatly affected by the origin of the enzyme and lipase 

modification method. 

 With surfactant-coated PPL and CCL, the conversion at 72 

h reached 48% and 07%, respectively. 

The PPL-coated lipase was solubilised completely in EMK, 

whereas the CCL I showed little solubility and remained 

suspended in the reaction media. 

 

 
Figure 1. Reaction kinetics for glucose laurate production with modified 
CCL. Reaction conditions: 1 mmol D-glucose, 1 mmol lauric acid, 5 mL ethyl 
methyl ketone, 30 mg (CCL I, CCL C) at 60°C, 50 mg (CCL) at 40 ºC, molecular 
sieves (4Aº) in equimolar quantity to the biocatalyst, 250 rpm. 

 

 The catalytic site is often buried in the molecule, 

surrounded by hydrophobic residues. A helical polypeptide 

structure acts as a cover, making the site inaccessible to solvents 

and substrates. It may also prevent proteolytic activity of the 

catalytic triad, protecting the enzyme. The side of the lid structure 

facing the catalytic site is composed mainly of aliphatic 

hydrophobic side chains. The opposite face is hydrophilic, 

stabilized by protein surface interactions. 
 According to this hypothesis, surfactant binds to 

hydrophobic areas surrounding the active site of the lipase, 

causing displacement of peptide lid covering the active site and 

promoting the interfacial activation of the enzyme.  

 This may be a likely reason for higher activity of coated 

PPL in comparison to uncoated lipase. These results show that 

PPL coated with span 80 was protected from denaturation in the 

organic solvent and exhibited higher catalytic performance. 

 In case of immobilized Candida cylindracea CCL I 

(Figure1) and Pancreatic porc lipase PPL I (Figure 2) catalyzed 

esterification of glucose and lauric acid, a maximum conversion of 

45% was achieved at 72 h. It was shown that CCL and PPL have a 

surface with a very high hydrophobicity [24] and hydrophobic 
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interactions have probably a significant role in the adsorption 

process. These enzymes appear to be adsorbed easily on the 

porous support in order to restrict their mobility which makes 

them accessible to reagents in solution continuously. 

 
Figure 2. Reaction kinetics for glucose laurate production with modified 
PPL. Reaction conditions: 1 mmol D-glucose, 1 mmol lauric acid, 5 mL ethyl 
methyl ketone, 30 mg (PPL I, PPL C) at 60°C, 50 mg (PPL) at 40 ºC, molecular 
sieves (4Aº) in equimolar quantity to the biocatalyst, 250 rpm. 

 

 The immobilized catalyst facilitates mass transfer by 

spreading the enzyme on a larger surface area and by preventing 

the enzyme particles from aggregation [25]. 

 On using free PPL and CCL, a maximum conversion of 

glucose of 12% and 14% was obtained, respectively, at 40°C.In 

addition, there is a clear differential behaviour of the enzyme at 

60°C.Lipases did not lose their catalytic activities and 

modification of CCL and PPL has increased their thermal stability. 

These results invariably demonstrate that modified lipases work 

better than the free ones [26, 27]. 

 The commercially available Candida antartica B (CAL B) 
was also used for further comparison.  

 To date, numerous publications have appeared on catalytic 
estertrification of sugars with Candida antartica lipase (CAL B) 
[28]. 
 In an effort to make PPL and CCL more attractive catalysts 
from a synthetic standpoint, we applied our method to make them 
more soluble in organic solvents and therefore more active. 

 
Figure 3. Reaction kinetics for glucose laurate production with PPL C, 
PPL I, CCL I and CAL B. Reaction conditions: 1 mmol D-glucose, 1 mmol 
lauric acid, 5 mL ethyl methyl ketone, 30 mg (PPL C, CCL I, CAL B) at 60 ºC, 
molecular sieves (4Aº) in equimolar quantity to the biocatalyst, 250 rpm. 

 
 Figure 3 represents reaction kinetics for glucose laurate 
production with the most active lipases: PPL I, CCL I, PPL C and 
CAL B. 
 It can be seen that after 72 of reaction at 60°C, 58 % of the 

CAL B activity was expressed. Comparison of the esterification 

activities of the modified lipases from Candida cylindracea and 

Pancreatic porc, the most active lipases showed similar activities 

to that observed with commercial Candida antartica B. These 

lipases exhibit comparable catalytic activity with CAL B. 

 In addition, PPL, and CCL are cheaper than most of the 

commercially available enzymes. Therefore, under their modified 

forms they can be used for the synthesis of sugar esters at a large 

scale. 

 

4. CONCLUSIONS 
 Surfactant-coated and immobilized lipases from Candida 

cylindrecea and Pancreatic porc were tested in the synthesis of 6-

O-Dodecanoyl-D-Glucopyranose by esterification of glucose and 

lauric acid in organic medium. Their specific activities were 

compared with that of Candiada antartica B lipase. Highest 

specific activities were obtained when lipases from Candida 

cylindracea and Pancreatic porc were immobilized on celite and 

when Pancreatic porc lipase coated-span 80 was employed. As 

shown in this paper the crude powder is not an effective catalyst 

for the synthesis. In conclusion, our results suggested that 

modified lipases from Candida cylindracea and Pancreatic porc 

are suitable catalysts for the production of glucose monolaurate. 

CCL I, PPL I, PPL C and CAL B are similarly useful and their 

activities are almost comparable. These modified enzymes 

demonstrate better activity and high thermal stability. On another 

hand, a lipase protection system for PPL and CCL was developed 

to minimize the direct contact of organic solvent and substrates 

with lipase and to facilitate the lipolytic esterification of sugars.  

The high activities obtained were probably due to an improved 

dispersion of the catalyst in the organic media 
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