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Enzymatic synthesis of fatty acid ascorbyl esters

C. Humeau, M. Girardin ), B. Rovel, A. Miclo
Laboratoire des Fermentations et des BioconÕersions Industrielles, Groupe des Lipoprocedes de l’INPL, E.N.S.A.I.A., 2 aÕenue de la Foret´ ´ ˆ

de Haye, 54500 VandoeuÕre-les-Nancy, France`

Received 26 September 1997; accepted 21 January 1998

Abstract

Lipase B from the yeast Candida antartica was used to catalyze the enzymatic synthesis of fatty acid ascorbyl esters, in
Ž .2-methyl-2-butanol as a solvent. The influence of water activity a and reaction medium hydrophobicity on the synthesisw

of 6-O-palmitoyl L-ascorbic acid were investigated through a transesterification reaction involving L-ascorbic acid and
palmitic acid methyl ester as substrates. The catalytic activity of the enzyme and the production at equilibrium were affected
by the pre-fixed a , best results being obtained for the lowest a values. The activation of the lipase was promoted by anw w

Ž .increase in the methyl palmitaterascorbic acid molar ratio R up to 9, leading to 19 grl of ascorbyl ester after a 5 h
reaction time. That performance was not reached in a reaction medium of equal log P level, where methyl palmitate was
partly substituted by a hydrophobic solvent. Results were applied to the syntheses of polyunsaturated fatty acid ascorbyl
esters such as ascorbyl eicosapentaenoate, leading to a production range from 11 to 15 grl, after a 3 h reaction time. q 1998
Elsevier Science B.V. All rights reserved.
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1. Introduction

Since a few years many studies have been
reported, showing a growing interest in unsatu-
rated lipids and more particularly, lipids of fish
origin due to their beneficial effects on human

w xhealth 1–3 . However, practical use of such
fatty acids for a preventive purpose is limited
because of their high susceptibility to autoxida-
tion, which is responsible for the unfavorable

w xoff-flavour in rancid oils 4 . The simplest
method for retarding lipid oxidation is the ad-
junction of antioxidant species. Synthetic per-
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mitted compounds such as BHA and BHT have
been widely used to prevent the deterioration of

w xfoods containing fish oils 5 . However, since
they were suspected to act as carcinogenesis

w xpromoters 6 , their use has been falling off in
favour of natural and safe antioxidants such as
ascorbic acid, which is usually introduced
through ascorbyl palmitate solubilization or

w xthrough reversed micelles processes 7,8 . Un-
fortunately, these two protection methods may
exhibit a loss of efficiency because of poor
contact between highly oxidizable species and
antioxidant species. A solution of great interest
would be to bring closely polyunsaturated fatty

Žacids such as eicosapentaenoic acid EPA, C20:5
. Žny3 or docosahexaenoic acid DHA, C22:6
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.ny3 and ascorbic acid, by forming an ester
bond.

For that purpose, an enzymatic way involving
lipases as biocatalyst is preferred to a chemical
one due to high regioselectivity and mild reac-
tion conditions, that avoid substrate alteration
w x9,10 . The aim of this work is to get more
information about the catalytic activity of lipase
B from Candida antartica for the enzymatic
synthesis of fatty acid ascorbyl esters. In this
scope, the influences of important biochemical
and physico-chemical parameters such as the
thermodynamic water activity or the hydropho-
bicity of the reaction medium were assessed
through the enzymatic synthesis of the commer-
cially available 6-O-palmitoyl L-ascorbic acid,
as a reference reaction. This synthesis was pre-
viously shown to be effective by acylating L-
ascorbic acid with methyl palmitate, in 2-
methyl-2-butanol as a solvent, in the presence
of the C. antartica lipase immobilized on an

w xacrylic resin as a biocatalyst 11 . Results were
applied to the synthesis of compounds of higher
potential interest such as EPA and DHA ascor-
byl esters.

2. Material and methods

2.1. Enzyme

The lipase B from C. antartica, immobili-
Žzed on a macroporous acrylic resin Novozym

w .435 , Novo Industri , was used as a biocata-
lyst.

2.2. Chemicals

The purity of L-ascorbic acid and methyl
palmitate is over 99.5% and 97%, respectively
Ž .Fluka . EPA and DHA ethyl esters of purity
over 85% were used as polyunsaturated acyl
donors. The purity of solvents is over 99% for
2-methyl-2-butanol and over 98% for dodecane
Ž .Fluka . An ascorbyl palmitate reference range
was prepared with 6-O-palmitoyl L-ascorbic acid

Ž .of purity over 99% Fluka .

2.3. Synthesis

The reaction is started by mixing enzyme
Ž .preparation 330 mg and organic phase com-

Ž .posed of 2-methyl-2-butanol 20 ml , ascorbic
Ž . Ž .acid 20 grl and methyl palmitate 276 grl , in

a stirring batch reactor, at 708C and 400 rpm.
Syntheses achieved with various acyl
donorrascorbic acid; molar ratio were con-
ducted in reaction media containing methyl
palmitate concentrations from 30 grl to 340
grl. Polyunsaturated fatty acid ascorbyl esters
were produced at 558C, in reaction media con-

Ž .taining 2-methyl-2-butanol 20 ml , ascorbic
Ž . Ž .acid 12 grl and EPA ethyl ester 112 grl or

Ž .DHA ethyl ester 121 grl . The course of the
transesterification reaction was monitored
through ascorbyl ester measurements by refer-
ring to an ascorbyl palmitate range, as previ-

w xously described 11 .

2.4. Initial rate measurement

Experimental data for the reaction course
Žwere fitted to a polynomial equation a fifth

.grade giving generally the best fit . After first
derivation, the initial rate was evaluated from
the resulting equation.

3. Results and discussion

3.1. Influence of the thermodynamic water ac-
( )tiÕity aw

w xAs first described by Goderis et al. 12 , the
influence of the thermodynamic water activity
on the equilibrium and the rate of the transester-
ification reaction was assessed through experi-
ments, where the reactant phase as well as the
enzyme preparation were pre-equilibrated in
separate containers with the water vapor of
saturated salt solutions, at room temperature for

Ž .10 days Table 1 .
The pre-fixed water activity was shown to

affect both catalytic activity of the lipase and
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Table 1
w xActivities of selected H O-saturated salt solutions at 258C 132

Ž .Salt a 258Cw

LiBr 0.07
LiCl 0.12
KAc 0.25
MgCl 0.332

K CO 0.452 3
Ž .Mg NO 0.553 2

NaCl 0.75
K Cr O 0.972 2 7

production of ascorbyl palmitate at equilibrium
Ž .Fig. 1 . The observed decline in the initial
reaction rate when increasing the initial aw

level may be firstly explained by a competition
between hydrolysis and alcoholysis of the pre-
sumed acyl-enzyme intermediate due to water
acting as a substrate. A second possible assump-
tion would be the accumulation of water on the
support surface of the Novozym leading to a
physical aggregation of the individual catalyst
particles. At last, there may be a limitation in
the transfer of the substrates to the enzyme, due
to accumulation of water around the catalyst
particles; as the size of the resulting water layer
increases the more difficult it is for the sub-
strates and particularly for the hydrophobic
methyl palmitate to accede to the enzyme
molecules. A similar profile was obtained for
the equilibrium conversion. The decline in
ascorbyl palmitate production when growing the
initial water activity is very likely to result from

Fig. 1. Influence of the initial water activity on the reaction rate
Ž . Ž .l and the equilibrium conversion q of the transesterification
reaction.

the direct participation of water as a substrate,
leading to a shift of equilibria in favour of
hydrolysis-side reactions.

3.2. Influence of reaction medium hydrophobic-
ity

The influence of the reaction medium hy-
drophobicity was first assessed by increasing
the methyl palmitaterascorbic acid molar ratio
Ž .R , which results in increasing the log P level

Ž .of the bulk organic phase Fig. 2 . A direct
observation of Fig. 2 lays in the activation of
the Novozym when increasing methyl palmitate
concentration up to a R value of 9, for which
19 grl of ascorbyl palmitate were produced
after a 5 h reaction time. That result brings us to
wonder whether the reaction medium hydropho-
bicity or the methyl palmitate concentration pro-
motes the catalytic activity of the enzyme. Up-

w xpenberg et al. 14 supposed this C. antartica
lipase may be an intermediate between an es-
terase which hydrolyzes water soluble substrates
and a true interfacially activated lipase. Accord-
ing to these authors, its active site is accessible
to the reactant phase through a narrow hy-
drophobic channel. a-helices of high mobility
were identified at the entrance of this active site
channel, as well as along its hydrophobic walls
and were suggested to undergo conformational
changes in the protein when contact occurs with
a lipidic phase, leading to a transition from an

Fig. 2. Influence of the methyl palmitaterascorbic acid molar
Ž . Ž .ratio R on the reaction rate l and the equilibrium conversion

Ž .q of the transesterification reaction catalyzed by the Novozym.
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inactive to an active form of the enzyme. As
methyl palmitate concentration increases in the
bulk organic phase, its concentration in the mi-
croenvironment of the lipase increases as well,
probably inducing conformational changes that
expose the active site of the enzyme to the
substrates. A more surprising result, consisting
in the apparent loss of activity for R values
over 9, is supposed to result from high quanti-
ties of methyl palmitate interacting with the
enzyme surface and the walls of the active site
channel, which are thought to limit the access of
the hydrophilic ascorbic acid to the catalytic
site. The influence of the molar ratio of the
substrates on the final production of ascorbyl
palmitate may be explained by a thermodynami-
cal shift of the equilibrium in favour of the
synthesis of the ester due to methyl palmitate
excess, the more as experiments were achieved
in open reactors that allow the elimination of
the by-product of the reaction, the methanol.
However, for R values over 7, a stage in ascor-
byl palmitate production was observed, suggest-
ing a product inhibition.

To determine whether the reaction medium
hydrophobicity or the methyl palmitate concen-
tration is the major factor affecting the catalytic
activity of the C. antartica lipase, syntheses
were achieved at equal log P level, where methyl
palmitate was partly substituted by a hydropho-
bic solvent such as dodecane. Fig. 3 presents
results obtained in reaction media containing
substrates molar ratios of 1 and 3 in the pres-

Žence of added dodecane 4 ml and 5 ml, respec-
.tively , so as to reach the hydrophobicity level

of a reaction medium containing substrates mo-
lar ratio of 9. The addition of dodecane was
shown to exert no positive effect on the cat-
alytic activity of the lipase. Even if the hy-
drophobicity property of the reaction medium is
undoubtedly of importance for the creation and
the stabilization of a catalytically active form of

w xthe enzyme 15 , the establishment of appropri-
ate bonds, which are specific to a substrate or a
set of substrates, between the hydrophobic phase
and the enzyme, is suggested to be a more

Fig. 3. Time course of ascorbyl palmitate synthesis catalyzed by
the Novozym. Comparison was made between reactions achieved

Ž .at equal log P level, and R values of 9 l without any added
Ž . Ž .hydrophobic solvent, 3 Ø and 1 q in the presence of 4 ml and

5 ml of added dodecane, respectively.

determinant condition to undergo effective con-
formational changes in the protein.

3.3. Synthesis of EPA and DHA ascorbyl esters

Syntheses were achieved at various tempera-
ture, showing the formation of undesirable sec-
ondary products at 708C. A temperature of 558C,
that avoids substrate alteration, was then applied
when working with the highly oxidizable EPA
and DHA ethyl esters as acyl donor; ascorbic
acid concentration was adjusted to 12 grl so as
to allow its total solubilization, at 558C, in
2-methyl-2-butanol. Due to a relatively limited
disponibility of the purified EPA and DHA
ethyl esters, syntheses were performed in reac-
tion media containing substrates molar ratios of
5. As previously shown for ascorbyl palmitate

Ž .Fig. 4. Time course of the enzymatic syntheses of EPA l and
Ž .DHA q ascorbyl esters, catalyzed by the Novozym, at 558C,

with substrates molar ratios of 5.



( )C. Humeau et al.rJournal of Molecular Catalysis B: Enzymatic 5 1998 19–23 23

synthesis, an increase in the substrates molar
ratio up to 9 was shown to improve the produc-
tion of these polyunsaturated fatty acid ascorbyl
esters. Results obtained at 558C, with substrates
molar ratios of 5, are presented in Fig. 4.

Productions of 11 grl and 15 grl were ob-
tained after a 3 h reaction time for the EPA and
the DHA ascorbyl esters, respectively, suggest-
ing a chain length influence. These promising
results show that the enzymatic way can be
applied to the synthesis of new substances of
high potential interest such as stable polyunsatu-
rated fatty acids. Similar syntheses are currently
tested in an attempt to stabilize highly oxidiz-
able colours involved in cosmetic or food prepa-
rations.
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