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a b s t r a c t

The synthesis of palm-based ascorbyl esters through transesterification of ascorbic acid and palm oil in
tert-amyl alcohol catalyzed by immobilized lipase is described. Highest conversion (70–75%) was deter-
mined after 16 h reaction at 40 ◦C using lipase (Novozyme 435 from Candida antartica) with an ascorbic
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acid to palm oil mole ratio of 1:8. The purified product was further characterized by 13C NMR and GC–MS
and the mixture of ascorbyl monoesters obtained were identified as ascorbyl monooleate (61%), ascorbyl
monopalmitate (30%) and ascorbyl monostearate (9%). The antioxidant activity of palm-based ascor-
byl esters was evaluated by 1,1-diphenyl-2-picrylhydrazyl (DPPH) test. The results showed that pure
palm-based ascorbyl esters have an antioxidant activity with an IC50 value of 0.1 mg/mL.

© 2008 Elsevier B.V. All rights reserved.

ovozyme 435

. Introduction

l-Ascorbic acid (Vitamin C) is a water-soluble vitamin with a
igh antioxidant activity that is used as an additive in foods and
osmetics [1]. The solubility of this compound in water is good;
owever, this hydrophilic character reduces its effectiveness in sta-
ilizing fats and oils [2]. To overcome this problem, ascorbic acid
as esterified with fatty acid to produce ascorbyl fatty acid ester

3]. The fatty acid ester of ascorbic acid is a potential antioxidant and
urfactant in food and cosmetics with high fat content [2]. The ester-
fication process can be either chemical or enzymatic; however,
he latter was preferred because of its advantages – high catalytic
fficiency, mild reaction condition, and inherent selectivity of the
atural catalyst [4].

In the enzymatic catalytic reaction, lipase was widely used as a
iocatalyst [2]. Research on synthesis of ascorbyl fatty acid ester
sing unsaturated and saturated fatty acid as an acyl donor in
rganic solvent catalyzed by lipase has been reported [1,2,3,5].
owever, the use of palm oil in the synthesis of ascorbyl fatty
cid ester has not been explored. Palm oil is a major commodity

nd is abundantly available in Malaysia. It contains a mixture of
onounsaturated, polyunsaturated, and saturated fatty acid. The
ajor fatty acids are palmitic acid (43.9%) and oleic acid (38.4%)

6].

∗ Corresponding author. Tel.: +60 3 55446980 fax: +60 3 55446988.
E-mail address: hamidah sidek@sirim.my (H. Sidek).

381-1177/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
oi:10.1016/j.molcatb.2008.12.012
In this study palm oil will be used as a source of fatty acids in
the transesterification with ascorbic acid using commercial immo-
bilized lipase. Optimal conditions for the enzymatic conversion
were determined and the product obtained was further character-
ized.

2. Materials and methods

2.1. Enzymes and chemicals

A commercially immobilized lipase was used throughout this
work. This enzyme, Novozyme 435, is a preparation of lipase B
from Candida antartica immobilized on a macrosporous acrylic
resin; Lipozyme TLIM was from Thermomyces lanuginosa and RMIM
was from Rhizomucor miehi (Novo Nordisk Industry, Bagsvaerd,
Denmark). l-Ascorbic acid (purity >99%), tert-amyl alcohol (TAA),
molecular sieve 5 Å, and Kieselgel G 60 were from Merck (Darm-
stadt, Germany). Palm oil was obtained locally.

2.2. Lipase-catalyzed synthesis of palm-based ascorbyl esters

A constant amount of ascorbic acid was mixed with palm oil
in a scintillation vial. Molecular sieve type 5 Å (treated by heat-
ing at 100 ◦C for 8 h prior to use) and TAA as an organic medium

were added into the reaction system and agitated in a shaker (B.
Braun) at 200 rpm and 40 ◦C for 24 h. The reaction was started
by the addition of enzyme. The experiment was prepared in
triplicates for each sample and standard deviations were calcu-
lated.

http://www.sciencedirect.com/science/journal/13811177
http://www.elsevier.com/locate/molcatb
mailto:hamidah_sidek@sirim.my
dx.doi.org/10.1016/j.molcatb.2008.12.012


1 r Cata

2

2

u
f
a
s
b
9
P
v

2

s
e
a
c
(
l
c

2

b
s
V
m
a
o

2

g
e
w
u
w
i
U

2

b

54 H. Burham et al. / Journal of Molecula

.3. Analysis

.3.1. Thin-layer chromatography (TLC) analysis
Quantitative analysis of palm-based ascorbyl esters was made

sing TLC on 60 silica gel plates using a solvent mixture of chloro-
orm:methanol:acetic acid:water at the ratio of 81:9:8:2 (v/v/v/v)
s a mobile phase. The product was visualized by spraying with 5%
ulfuric acid in ethanol and heating at 110 ◦C for 30 min, followed
y quantitative analysis using a photodensitometer (Shimadzu CS-
301 PC) at 500 nm. Ascorbyl palmitate was used as standard.
roduct concentration was expressed as gram of product in total
olume of the reaction mixture (g/L).

.3.2. Conversion of ascorbic acid
A series of experiments containing several mixtures of sub-

trates, solvents, molecular sieves, and immobilized lipase using
stablished optimum conditions was conducted to determine
scorbic acid conversion. At the end of the reaction, ascorbic acid
ontent was determined with the use of ascorbic acid sensors
Merck, Darmdstat, Germany). Ascorbic acid conversion was calcu-
ated from the decrease in ascorbic acid after completion of reaction
ompared with that in the control (without enzyme).

.3.3. High-performance liquid chromatography (HPLC)
The HPLC analysis of palm-based ascorbyl esters was done

ased on the method reported by Kuwabara et al. [1] with
light modification. The equipment used was Shidmadzu 10A-
P, on an Ascentic C18 column (5 �m, 150 mm × 4.6 mm) with
ethanol/water/phosphoric acid (95/5/0.1, v/v/v) as a mobile phase

t a flow rate of 1 mL/min. Detection was achieved at a wavelength
f 245 nm using ascorbyl palmitate as standard.

.3.4. Structural analysis
For structural analysis, the product was isolated from TLC silica

el plates (Rf value = 0.5–0.6). Silica gel containing the product was
luted using TAA, filtered, and vacuum-dried. The isolated product
as finally identified by spectral studies. IR spectra were recorded
sing PerkinElmer Spectrum 2000. The mass spectrometry data
ere obtained on Agilent Tech 6890N GC with Agilent test 5973

nnert MSD (USA). The 13C NMR spectra were recorded on a Variant

nity Inova (USA) at 500 MHz.

.3.5. Antioxidant effect (DPPH radical)
The antioxidant effect of the synthesized palm-based ascor-

yl esters was evaluated using the method reported by Hou et

Fig. 1. Lipase-catalyzed transesterification of ascorbic ac
lysis B: Enzymatic 58 (2009) 153–157

al. [7] with slight modification. The assay mixture contained 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical solution, ethanol, and the
test sample. Scavenging capacity was measured spectrophotomet-
rically by monitoring the decrease in absorbance at wavelength
of 517 nm. The antioxidant activity of the test compounds was
expressed as IC50, which was defined as the concentration of test
compounds required to inhibit the formation of DPPH radicals by
50%.

3. Results and discussion

3.1. Mechanism for palm-based ascorbyl esters synthesis

The mechanism for the synthesis of palm-based ascorbyl esters
in these studies is illustrated in Fig. 1. Triglyceride molecules in
palm oil were first hydrolyzed to free fatty acids by the immobilized
lipase Novozyme 435 followed by transesterification of the liber-
ated free fatty acids with ascorbic acid in the presence of organic
solvent and molecular sieve to produce palm-based ascorbyl esters.

3.2. Selection of the best biocatalyst

Three types of immobilized lipase were screened for their abil-
ity to synthesize palm-based ascorbyl esters. The activities of the
enzyme were evaluated on the basis of product intensity as deter-
mined by TLC analysis. The order of activities was as follows:

Novozyme435 > Lipozyme TLIM > Lipozyme RMIM

Novozyme 435 was the most effective enzyme due to its ther-
mostable character; it was particularly useful in the synthesis of
esters and amides. It also has a broad substrate specificity to pro-
mote a reaction between a wide range of primary and secondary
alcohols and carboxylic acids [8]. Therefore, it was used in the sub-
sequent experiments.

3.3. Influence of molecular sieve

In the transesterification reaction, the water content of the
medium not only affects the rate of reaction but also the equi-
librium position [2]. An excess amount of water may slow down

the reaction rate [9] and favor hydrolysis [10]. It can be controlled
by continuously adding a water adsorbent such as diatomaceous
earth, silica, and molecular sieve [11]. The use of molecular sieve
in the transesterification reaction not only dried the reaction mix-
ture but also shifted the equilibrium condition of the synthesis

id and palm oil using immobilized Novozyme 435.
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ig. 2. Effect of molecular sieve on the synthesis of palm-based ascorbyl esters. The
eaction was carried out with 0.15 mmol l-ascorbic acid and 1.5 mmol palm oil in
mL tert-amyl alcohol and 40 mg immobilized lipase at 40 ◦C for 24 h. Vertical bars

epresent standard deviation.

y adsorbing the water formed [12]. In this study, molecular sieve
Å was selected as recommended by the manufacturer to remove
xcess amount of water produced in the reaction [13]. To estimate
he load of molecular sieve required for the reaction, a series of
xperiments containing various amounts of molecular sieve rang-
ng from 20 to 100 mg (approximately 2–12% weight % of reaction
olume) were conducted. At the end of the reaction, the prod-
ct was determined by TLC analysis using ascorbyl palmitate as
tandard. As shown in Fig. 2, the maximum product concentration
20 g/L) was obtained at 40 mg molecular sieve, approximately 5%
weight % of reaction volume). A similar finding was reported by
ong and Wei [2] when using 4 Å molecular sieve in the synthe-
is of vitamin C ester using immobilized lipase from Candida sp.
ore than 5% (weight % of reaction volume) molecular sieve may

trip essential water from enzyme molecules that cause enzyme
eactivation.

.4. Amount of organic solvent

Organic solvent strongly influenced transesterification, which
s in accordance with literature [3]. As reported earlier, TAA is the
ost suitable solvent for synthesis of ascorbyl esters because it is
ble to dissolve the reactants at high concentrations and because it
oes not deactivate the enzyme [14]. In this experiment, the amount
f TAA used was varied from 25 to 95% (weight % of reaction vol-
me). Fig. 3 shows that at 63% (weight % of reaction volume) TAA,

ig. 3. Effect of tert-amyl alcohol (TAA) on the synthesis of palm-based ascorbyl
sters. The reaction mixture contained 1.5 mmol ascorbic acid, 15 mmol palm oil,
0 mg immobilized lipase and 4 mL tert-amyl alcohol. Vertical bars represent stan-
ard deviation.
Fig. 4. Effect of the initial mole ratio of ascorbic acid to palm oil on the synthesis of
palm-based ascorbyl esters. The reaction was carried out at 40 ◦C, 40 mg immobi-
lized lipase, 4.7% (weight % of reaction volume) molecular sieve in 0.5 mL tert-amyl
alcohol. Vertical bars represent standard deviation.

product formation was increased by approximately 75% (from 20
to 35 g/L). The higher solubility of the substrates at these condi-
tions may contribute to a high rate of synthesis of palm-based
ascorbyl esters. At more than 63% (weight % of reaction volume)
solvent, a decrease in production of palm-based ascorbyl esters was
observed.

3.5. Mole ratio

In the esterification reaction, a further tool to increase produc-
tion is the use of one substrate in excess [3]. Mole ratios of 1:1.5
ascorbic acid:oleic acid [2]; 1:4 ascorbic acid:oleic acid [3]; 1:2
ascorbic acid:palmitic acid, [14]; and 1:6 ascorbic acid:palmitic
acid) [15] were reported for synthesis of ascorbyl esters. In our
study, the mole ratio of the substrates varied from 1:6 to 1:14. No
product was detected when a mole ratio less than 1:6 was used
(results not shown). The relationship between the product concen-
tration obtained during transesterification and the mole ratio of
substrates used is shown in Fig. 4. The highest product formation
(40 g/L) was determined at a mole ratio of 1:8. However, for mole
ratio value of palm oil more than 8, reduction in production of palm-
based ascorbyl esters was observed. Excess palm oil concentration
in the organic phase may induce conformational changes that limit
the access of the hydrophilic ascorbic acid to the catalytic site of the
enzyme. Humeau et al. [5] reported reduction in ascorbyl palmi-
tate production in transesterification of ascorbic acid with methyl
palmitate using lipase B from C. antartica at a mole ratio of methyl
palmitate more than 7.

3.6. Enzyme loading

Higher enzyme loading can improve the lipase catalyzed, ester-
ification, acidolysis, as well as acyl group migration [16,17]. In this
experiment, enzyme load was varied from 3 to 15% (weight % of sub-
strates). Maximum production (45 g/L) was achieved at 12% (weight
% of substrate) of enzyme loading (Fig. 5). Zhao et al. [18] reported
maximum acidolysis of lard with capric acid in organic solvent at
15% (weight % of substrates) enzyme loading using immobilized
lipase TLIM from Thermomyces lanuginose.
3.7. Reaction time

To determine the shortest time possible to achieve the highest
production, the time course of reaction was monitored and the
results are shown in Fig. 6. Free fatty acids content in the reaction



156 H. Burham et al. / Journal of Molecular Catalysis B: Enzymatic 58 (2009) 153–157

F eactio
s .)

m
p
f
o
4
a
o
d
a
f
w
t
l
e
(
e

3

t
a
p

F
f
1
b

ig. 5. Effect of enzyme load on the synthesis of palm-based ascorbyl esters. (The r
ieve and 0.5 mL tert-amyl alcohol. The experiment was conducted at 40 ◦C for 18 h

edium was determined by titration with 0.5 mM NaOH using
henolphthalein as indicator. The result shows that the initial free

atty acid content (FFA) in palm oil was 15%. Hydrolysis of palm
il by lipase increased FFA in the reaction system to approximately
5% and reached equilibrium after 2 h. Formation of palm-based
scorbyl esters was initiated by lipase catalyzed transesterification
f the liberated free fatty acids with ascorbic acid. Maximum pro-
uction (61 g/L) was obtained after 16 h and decreased gradually
fter 18 h which may attribute to enzyme inhibition by the excess
ree fatty acids. Ascorbic acid content before and after reaction
as determined as described in Section 2. The conversion of up

o 70–75% was achieved under these conditions. In comparison,
ow product formation was reported in the synthesis of ascorbyl
ster using fatty acids such as oleic acid (20 g/L) [2] or palmitic acid
15–19 g/L) [5] may be due to hydrolysis reaction promoted by the
xcess water in the reaction system.

.8. Structural analysis
At the end of the reaction, after filtration, the reaction mix-
ure was evaporated under reduced pressure. The product was
nalyzed by TLC as described in Section 2 except using mobile
hase consisting of petroleum ether:diethyl ether:acetic acid at

ig. 6. Effect of reaction time on production of palm-based ascorbyl esters and
ree fatty acids content. (The reaction mixture contained 1.5 mmol ascorbic acid,
2 mmol palm oil, 40 mg immobilized lipase and 0.5 mL tert-amyl alcohol.) Vertical
ars represent standard deviation.
n mixture composed of 1.5 mmol ascorbic acid, 12 mmol palm oil, 40 mg molecular

a ratio of 105:45:0.2 (v/v/v) and it was found that it contains
triglycerides (10.5%), free fatty acid (41%), diglycerides (37%), mono-
glycerides (7%), palm-based ascorbyl esters (4.5%). The presence of
palm-based ascorbyl esters in the reaction system was detected
by HPLC using ascorbyl palmitate as standard. Characterization
of purified product isolated from silica gel chromatography was
carried out employing FTIR, 13C NMR, and GC–MS. From GC–MS
and 13C NMR analyses, the pure product obtained was a mixture
of monoester of ascorbic acid consisting of oleic (61%), palmitic
(30%), and stearic acids (9%) with molecular ion at m/z = 256, 265,
and 284, respectively. The ester bond was detected at IR (CO–O
ester) = 1731.84 cm−1. 13C NMR (500 MHz, CDCL3) � 179.54 (C-2, C-
1′, C-1′′′), 130.11 (C-4,C-5), 130.06 (C-9′′,C-10′′), 72.29 (C-3), 72.19
(C-6), 61.54 (C-7), 34.8 (C-8′′, C-2′′′), 34.34 (C-2′, C-14′, C-3′′), 32.34
(C-7′′, C-12′′), 27.42 (C-6′′), 27.38 (C-6′, C-12′), 25.08 (C-5′, C-4′′),
24.02 (C-4′, C-4′′′), 23.61(C-3′, C-3′′′), 22.78 (C-15′, C- 17′′), 14.2 (C-
16′, C-18′′).

3.9. Antioxidant effect

The antioxidant activities of ascorbic acid, its derivatives,
and palm oil by using the DPPH method were summarized in
Table 1. Palm-based ascorbyl esters exhibited an IC50 value of
0.1 mg/mL. This value is 10 times higher than ascorbyl palmi-

tate and may be due to the presence of mixture of ascorbyl
monoesters. Nevertheless, the results show that the transesteri-
fication of ascorbic acid with palm oil using immobilized lipase
produce ascorbic acid derivatives with good free radical scavenging
activity.

Table 1
Antioxidant activities of ascorbic acid, its derivatives and palm oil.

Sample IC50 (mg/mL)

Ascorbic acid 0.0022
Ascorbyl palmitate 0.012
Palm-based ascorbyl esters 0.1
Palm oil 22.6

The effect of DPPH radical will be evaluated by the method by Hou et al. [7] with a
slight modification. The assay mixture contained DPPH radical solution, 99% ethanol,
and sample. The solution was rapidly mixed and scavenging capacity was mea-
sured spectrophotometrically by monitoring the decrease in absorbance at 517 nm.
IC50 = concentration of compound that required for inhibition of formation of DPPH
radicals by 50%.
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. Conclusions

Synthesis of palm-based ascorbyl esters was strongly influ-
nced by type of immobilized lipase used, percentage of organic
olvent, mole ratio, reaction time, enzyme, and molecular sieve
oading. Transesterification of ascorbic acid with palm oil using
mmobilized lipase produced a mixture of ascorbyl monoesters
onsisting of ascorbyl monooleate (61%), ascorbyl monopalmitate
30%) and ascorbyl monostearate (9%) with potential antioxidant
ctivities.
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