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Abstract 

The regioselective acylation of monosaccharides, such as glucose, fructose, mannose and arabinose with lauric acid (C 12) 
has been investigated in hexane using commercial Cundidu rugosa lipase (EC 3.1.1.3) and Can&da ant~ctica (NOVO- 

ZYME) lipase immobilised on anionic resin. In order to overcome sugars insolubility in hexane, sugars were introduced in 
the reaction mixture preabsorbed on silica gel. The chemical structure of the products has been determined by ‘H NMR 
analysis. The two enzymes tested seemed to prefer hexoses rather than pentoses as the sugar substrate. They exhibited 
different water activity optimums as well as different optimum sugar/acyl donor molar ratios. Water activity control 
throughout the reaction and temperature increase from 30 to 50°C enhanced sugar ester production using both lipases. 
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1. Introduction 

Fatty acid esters of carbohydrates constitute 
an interesting group of non-ionic surfactants, 
which are widely used in the pharmaceutical, 
cosmetic, petroleum and food industries. They 
are an integral part of many industrial, agricul- 
tural and food processes [ 1,2]. 

Methods to acylate sugars chemically are al- 
ways characterised by extensive, tedious hy- 
droxyl protection and deprotection steps and use 
of harmful solvents. Alternatively, the enzy- 
matic approaches with lipases in non-polar or- 
ganic media or solvent-free systems under nearly 
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anhydrous conditions, which favour lipase- 
catalysed processes, seem to be more suitable 
for such purposes. Nevertheless, the problem of 
the carbohydrates solubility in these media cre- 
ates difficulties in choosing the appropriate con- 
ditions to perform the reaction. 

In this report, the acylation of monosaccha- 
rides, such as glucose, fructose, mannose and 
arabinose with lauric acid (C12) has been inves- 
tigated in hexane using commercial Cundida 
rugosa lipase (EC 3.1.1.3) and Cundidu antarc- 
tica (NOVOZYME) lipase immobilised on an- 
ionic resin. Various parameters affecting en- 
zyme activity, such as temperature and water 
activity, along with the influence of sugar/acyl 
donor molar ratio on the production of glucose 
laurate have also been extensively studied. 
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2. Experimental 

2.1. Materials 

Commercial Candida rugosa lipase was pur- 
chased from Sigma and used without any fur- 
ther purification. Immobilised lipase from Can- 
dida antarctica NovozymeTM was a gift from 
Novo Nordisk (Denmark). Glucose, fructose, 
arabinose, mannose, methyl glucoside, lauric 
acid (dodecanoic acid) and silica gel (mesh 60) 
were of > 99% purity and purchased from 
Sigma (USA). All solvents were purchased from 
Merck. 

2.2. Sugars absorption procedure [33/ 

Silica gel (2 X wt of sugars) was added to a 
methanolic solution of the substrate (2 mrnol). 
Methanol was evaporated under continuous agi- 
tation at reduced pressure. The homogeneous 
powder obtained was dried over P205 for 72 h. 

2.3. Bioconversions in hexane 

A typical reaction mixture consisted of 83 
mM of sugar, 200 mM of lauric acid and 12.5 
mg/ml enzyme preparation which were added 
to 4 ml hexane after a 24 h preincubation at 
various water activities (a,> using the appropri- 
ate saturated salt solutions. Water activity was 
kept constant throughout the reaction [4]. The 
reaction was carried out at 40°C. At different 
time intervals, hexane was evaporated under 
reduced pressure and the reaction mixture was 
solubilised in the HPLC solvent. 

2.4. Analytical methods 

Qualitative analysis of products was made by 
TLC on silica gel 60 plates (Merck) using an 
elution system of CH,COOC,H,:CH,OH:H,O 
= 17:6:2. Plates were developed with a 5% 
ethanolic solution of H,SO, and 10 min incuba- 
tion at 150°C. 

Quantitative analysis of samples was made 

by HPLC on a ,u-Bondapack C,, column using 
a refractive index monitor. Elution was con- 
ducted with CH,CN:CH,OH:H,O = 50:15:35 
and a flow rate of 1 ml/min. 

Products were identified with ‘H NMR in 
CDCl, with TMS as internal standard. 

‘H NMR spectral data for glucose laurate is 
as follows: 0.89 (t, 3H), 1.28 (m, 18H), 1.62 (m, 
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Fig. 1. (a) Effect of water activity (a,) on the esterification of 
glucose with lauric acid using Candida rugosa (reaction time 3 
days) and Candida antarctica (reaction time 2 days) in hexane. 
T = 40°C. (b) Enhancement of glucose laurate production using 
Candida rugosa (filled symbols) and Candida antarctica (open 
symbols) lipases in hexane by controlling the water activity 
throughout the reaction. ( ??, 0) water activity set and controlled 
at the optimum value, (A, A) without water activity control. 
T = 40°C. 
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2H), 2.36 (t, 2H), 3.34 (t, IH, H,), 3.51 (dd, 
lH, H,), 3.75 (m, lH), 3.77 (m, H-4 I-J,), 4.28 
(dd, lH, H,,), 4.45 (dd, lH, H6J and 4.88 (d, 
IH, H,). 

3. Results and discussion 

The effect of water activity (a,) on glucose 
laurate production through glucose esterification 
with lauric acid in hexane using Candida TU- 
gosa and Candida antarctica lipases was stud- 
ied. As indicated in Fig. la, both enzymes are 
active even at low water activities [5]. A differ- 
ent water activity optimum was observed for 
each enzyme (0.53 and 0.75 for Candida ru- 
gosa and Cundidu antarctica, respectively). 
Valivety et al. [6] tried to correlate the effect of 
uw on enzyme activity with the molecular struc- 
ture, in the case of 5 lipases whose sequences 
had been determined. They found that the higher 
the degree of homology between the enzymes 
sequences, the more similar the enzymes be- 
haved at a certain a,. Accordingly the differ- 
ence observed at the water activity optimum of 
the two lipases tested in our study, could be due 
to the structural differences of the two enzyme 
molecules. It is worth noting that glucose lau- 
rate production is significantly enhanced by 
controlling the water activity throughout the 
reaction at the optimum for each enzyme value. 
When the reaction was performed with the ini- 

0 1 2 3 4 5 

Reaction time (days) 

Fig. 2. Eaterification of various sugars with lauric acid using 
Candida rugosa and Candidu antarctica lipases in hexane. T = 

40°C. Reaction time 4 days. Water activity was set and controlled 
at the optimum for each enzyme value (Cundidu rqosu u, = 0.53. 

Candida untarctica a, = 0.75). 

tial water content of the system, without con- 
trolling the water activity, lower glucose laurate 
production rates were observed (Fig. lb). The 
water content of the enzyme preparations were 
2.5 and 19.6 mg H,O per 100 mg of enzyme 
preparation of Candida rugosa and Cundida 
antarctica lipase, respectively. 

The esterification of various hexoses and alkyl 
glucosides, such as glucose, fructose, mannose, 
methyl glucoside and pentoses, such as xylose 
and arabinose, has been performed using Cun- 
dida rugosa and Candida antarctica lipases in 
hexane (Fig. 2). Both enzymes seem to prefer 
hexoses rather than pentoses as the sugar sub- 
strate. Sugar acylation proved, by ‘H NMR 
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Fig. 3. Effect of temperature on the time course of glucose esterification with lauric acid using Candidu rugosa (filled symbols) and 
Candida antarctica (open symbols) lipases in hexane. Water activity was set and controlled throughout the reaction at the optimum for each 
enzyme value (Candida r-ugosa a, = 0.53, Candida antarctica a, = 0.74). 
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Fig. 4. Effect of glucose to lauric acid molar ratio on the glucose 
laurate production in hexane. T = 40°C. Water activity was set 
and controlled throughout the reaction at the optimum for each 
enzyme value (Candida rugosa a, = 0.53, Candida antarctica 
a, = 0.75). 

spectra, to be regioselective and the 6-O-sugar- 
laurate was exclusively produced. Methyl glu- 
coside is a very good substrate for both en- 
zymes giving 47 and 63% product yield with 
Candida rugosa and Candida antarctica, re- 
spectively. Alkyl glucoside fatty acid esters 
constitute a unique class of surfactants with 
interesting properties [7,8]. As previously re- 
ported [9], the non-specific Candida enzymes 
catalyse the esterification of alkyl glycosides 
quite efficiently. 

The effect of temperature on the time course 
of glucose esterification with lauric acid is 
shown in Fig. 3. Temperature increase from 30 
to 50°C led to both higher reaction rates and 
final product yield. 

Finally, in order to study the influence of 
sugar to acyl donor molar ratio on the glucose 
laurate production, seven different glucose to 
lauric acid molar ratios were used (Fig. 4). The 
two enzymes presented a different optimum, 
while Candida antarctica seems to be more 
efficient in this type of reaction. For Candida 

rugosa the best initial molar ratio was l/2.5. 
Above this value a decrease of both the produc- 
tion and reaction rate was observed. In the case 
of Candida antarctica lipase the optimum value 
was l/6. Such high excess of fatty acid has 
also been reported for the esterification of fruc- 
tose with palmitic and oleic acid using Mucor 
miehei and Candida antarctica, respectively 
[lO,ll]. 
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