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Abstract 

       The application of enzymatic catalysis for the synthesis of carbohydrate fatty acid esters has been investigated as an alternative more 
environmental and economically attractive for large scale production of these compounds. In this way, a highly concentrated aqueous 
system was employed in a Lipase from Thermocmyces lanuginosus catalysed acylation in one step of several carbohydrates with decanoic 
acid as acyl donor. Reaction extents of carbohydrates with different chain lengths containing glucose units were assessed. Parameters as 
carbohydrate quantity, nature of interactions with water and water content showed affect the reaction. Namely, synthesis reaction is 
successfully promoted by an excess of solid material in an almost solvent free aqueous system and by interactions with water not strictly of 
covalent nature.   
        Synthesis of fatty acid esters of β-cyclodextrin (CDs) was also investigated in a reaction lipase catalysed using vinyl-activated and 
acid decanoic as acyl donors in dimethylsulfoxide (DMSO). Immobilised lipase from Candida antarctica (CALB) and Amano lipase from 
Aspergillus niger were investigated for their catalytic properties regarding transesterification in solvents of increasing hydrophilicity. 
Amano lipase was proved to catalyse in some extent enzimaticaly the reaction. 
        The suitability of the method for the purification of the product and analysis by the degree of substitution (DS) of the modified 
carbohydrates was also investigated, leading to the most feasible and reproducible results. 
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1. Introduction 

Industrial interest in biotransformation processes, long a 
subject of research within academia, has been increasing 
recently. This has been shown by the increasing number 
of industrial scale bioprocesses started during the last 
decade and by the chemical industry’s exploring 
possibilities of using renewable resources to replace 
based petroleum products and improves sustainability of 
processes in a ‘green chemistry’ perspective (Sheldom, 
2005). Beyond this, commercial enzymatic processes 
possess a variety of positive characteristics, such as high 
productivity, high product concentrations, and a lack of 
undesirable by-products, which are improved by 
advances of protein and genetic engineering 
(Bornscheuer, 2005). This is particularly evident in 
certain enzymatic processes, such as synthesis reactions 
catalyzed by hydrolytic enzymes, which typically gives 
clean products with little need of downstream processing 
and present several advantageous. Enzymatic catalysed 

reactions compared to conventional chemical catalysis, 
processes can be performed at milder process conditions 
and specifically these enzymes present large availability, 
substrate specificity and thermostability (Schmid, A., 
2001; Panke, 2002; Faber, K., 2004, Krishna, 2002).  

Carbohydrate fatty acid esters, so called 
biosurfactants or bio-based surfactants, are widely used 
in pharmaceutical, cosmetic, petroleum and food 
industries, owing to their low toxicity, biodegradability, 
diversity and their possible production from renewable-
resource of raw materials. These compounds can be used 
as bulk chemicals due to their good detergent and 
emulsifying properties as well as been applied by their 
biological properties (Allen et al., 1999; Akkara et al., 
1999; Baker et al., 2000; Ferrer et al., 2002). 

Synthesis of carbohydrates esters can be provided by 
reverse hydrolysis reactions that the water activity is 
controlled and kept sufficiently low with native 
carbohydrates and fatty acids as substrates (Deng et al., 
2001), which also has been reported for solvent free 
systems (Cao et al, 1999) and in solvent based systems 



  

by transesterification using vinyl ester as acyl donor 
(Pedersen et al., 2005).  

The yield of reversed hydrolysis reactions is strongly 
affected by the type of solvent used, water content of the 
reaction mixture, enzyme stability in the solvent, and the 
substrates solubility. Reactions have been successfully 
carried out namely in solvents such as acetone (Liu, 
2008), 2-methyl 2-butanol (Flores and Halling, 2002), 
and tert-butanol (Cao et al., 1999). However, a 
hydrophobic solvent is not necessarily a good choice for 
achieving optimal rates and degrees of conversion, 
depending on the solubility of the hydrophilic substrate 
(Degn, 2001). For this reason, lipase catalyzed reactions 
has been practically limited to mono and disaccharides, 
since many polyhydroxyl compounds are insoluble in 
organic solvents where these enzymes show activity.  

Therefore optimal reaction conditions are a 
compromise between enzyme activity and substrate 
solubility, for which investigation of the effect of 
solvent mixtures, medium engineering and enzyme 
screening is required. 

 On the other hand, organic solvents applicability for 
industrial uses presents some limitations. Their toxicity 
can affect the compliance with safety and solvent 
disposal legislation of the industry processes and only 
small quantity of substrate owing to their low solubility 
even though high conversion yields of almost 100% can 
be attained. Therefore, a variety of other environments, 
including, highly concentrated substrate suspensions 
(sometimes referred to as eutectic mixtures), solid phase 
reactions and ionic liquids (Kimblov et al., 2001; Kim, 
2005, Zhao, H., 2008) have been investigated. 

Reaction mixtures with mainly undissolved substrates 
and/or products in which the compounds are present 
mostly as pure solids retain the main advantages of 
conventional enzymatic synthesis and reaction yields are 
improved. Moreover, the very high ratio of product to 
reactor volume promoting an intensification of the 
process what is advantageous from a scale up point of 
view and the necessity to use organic solvents to shift 
the thermodynamic equilibrium toward synthesis is 
reduced to by-product, which makes the synthesis 
favorable even in water (Ulijn and Halling, 2004). 
Limitations of this kind of system there may be direct 
effects on the enzyme molecules (substrate/product 
inhibition), availability of essential water, diffusion and 
viscosity of reactants (Ulijn et al., 2001, 2003; Ulijn and 
Halling, 2004). 

Thus, depending on the different substrates used for 
an industrial application a study of the different reaction 
strategies involved is required an besides the specific 
synthesis of the product its purification and analysis is 
as well an important challenge in the elaboration of a 
method. 

2. Materials and methods 

2.1 Ezyme and chemicals 

2.2 Synthesis of carbohydrates fatty esters in highly 
concentrated aqueous media. 

2.3 Synthesis of β-cyclodextrin fatty acid esters in 
organic medium. 

2.4 Analysis of reaction extension 

 
2.4. Total Carbohydrates estimation 
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3 Results and discussion 

3.1 Lipase-catalyzed acylation of carbohydrates in 
highly concentrated aqueous solution.  
 

 
3.1.1 Effect of carbohydrates chain length.  

 
3.1.2 Effect of carbohydrate solubility and 

appearance of the reaction system.  
 

 
3.1.3 Effect of the quantity of carbohydrate. 
 

3.1.4 Maltose time course.  
 

3.2 Lipase-catalyzed acylation of β-cyclodextrin in an 
organic solvent.  

 
3.2.1 Product recovery and reaction study approach.  
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4. Conclusions 
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