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RINGKASAN: Enzim lipase daripada Candida rugosa (Jenis VII), Candida rugosa (Jenis
AYS), Pseudomonas cepacia, Aspergil/us niger dan Mucor miehei telah dipegunkan pada
serbuk mu/lit menggunakan kaedah penjerapan fizikal. Aktiviti lipase yang dipegunkan ini
ditentukan dengan tindakbalas pengesteran 0. 1 M asid propionik dan 0. 1 M n-butanol di
dalam pelarut n-heksana, dibandingkan dengan enzim bebas. Lipase daripada Mucor
miehei berupaya mengekalkan 97% aktivitinya apabila dipegunkan kepada serbuk mu/lit
berbanding 80% aktiviti dengan celit. Penggunaan semula mu/lit yang dipegunkan dengan
Mucor miehei menunjukkan pengeka/an aktiviti enzim sebanyak lebih daripada 90%
selepas penggunaan selama 240 jam. Sebagai perbandingan, pemegunan dengan celit
menunjukkan kehilangan 94% aktiviti. Mu/lit sebagai penyokong apabila diuji
kesesuaiannya di dalam tindakba/as pengesteran kepilihan enantiomer menggunakan
pemisahan kinetik asid (±) 2-(4-klorofenoksi) propionik dengan n-butanol, mengekalkan
85% aktiviti, dengan lebihan enantiomerik sebanyak 32% asid-S. Keputusan yang
diperolehi mencadangkan mu/lit sesuai digunakan sebagai penyokong enzim.
ABSTRACT: Lipases from Candida rugosa (type VII), Candida rugosa (type AYS),
Pseudomonas cepacia, Aspergillus nigerand Mucormieheiwere immobilised on to mullite

powder by physical adsorption method. The activity of the immobilised lipases, determined
by carrying out the esterification of 0.1 M propionic acid and 0.1M n-butanol in n-hexane,
were compared with those of their tree counterpart. The lipase from Mucor miehei was
able to retain 97% of its activity when immobilised on to mullite powder as compared to
80% retention in activity with celite. Repeated usage of mullite immobilised Mucor miehei
lipase showed that the enzyme preparation retained more than 90% of activity after 240
hours of operation. In comparison, the preparation from celite lost 94% of its activity upon
immobilisation. The mullite support when tested for its suitability for conducting
enantioselective esterification reaction using the kinetic resolution of (±) 2- (4chlorophenoxy) propionic acid with n-butanol, retained 85% of its activity with enantiomeric
excess of 32% for the S-acid. The results obtained suggest that mullite is suitable for use
as an enzyme support.
KEYWORDS: Lipase, immobilisation, mullite, physical adsorption, esterification.

7

Z.Ujang, M. M. Diah, Y.M. Chin, S. Karim and A.H. Abdul Rashid

INTRODUCTION
The advantages of using enzymes in industrial applications lie in the multitude of biochemical
reactions that they can catalyse with high catalytic activity and selectivity under mild reaction
conditions. Despite these advantages, the use of biocatalysts in applications of industrial
interest has been limited because of instability of enzymes under the required operational
conditions and/or difficulties normally encountered in the separation of the enzyme from
substrates and product (Montero et al., 1993). To overcome these problems, some of the
enzymes for industrial applications have been immobilised onto water-insoluble solid matrices.
The main advantages of immobilised enzymes over their soluble counterparts are their
reusability and apparent operational and thermal stability of the enzyme (Geluk et al., 1992;
Gitlesen et al. , 1997). Enzyme immobilisation also provides a means for easy separation of
the catalyst from the reaction mixture and allows its continuous or intermittent use over extended
periods of time (Shaw et al., 1990; Montero et al. , 1993).
Most of the commercially available immobilised enzymes are obtained with organic matrices.
Inorganic carriers, due to their physical properties such as high mechanical strength, thermal
stability, resistance to organic solvents and microbial attack, easy handling, excellent shelf life
and easy regeneration offer several advantages over their organic counterparts. Moreover,
inorganic materials do not change in structure over wide ranges of pH, pressure, and
temperature. Numerous methods for achieving the immobilisation of lipases are available,
each involving a different degree of complexity and efficiency (Hsu et al., 2000, Subramanian
et al., 1999, Matsumoto et al., 1998, Ujang et al., 1997). Physical adsorption, being the most
straightforward immobilisation procedure, is cheap and easy to implement. In recent years,
there has been an increasing interest in the use of inorganic support for enzyme immobilisation
(Fadiloglu and Soeylemez, 1998; Lee and Akoh, 1998 and Subramanian et al., 1999). Synthetic
zeolites have also been used as carriers for enzyme immobilisation in laboratory scale fixed
bed columns (Alfani et al., 1994). In this study, attempts were made to
(i)

immobilise several types of lipase by physical adsorption onto mullite powder which
was prepared in-house and their esterification activity determined.

(ii)

determine the suitability of using lipase immobilised onto mullite powder in an
enantioselective reaction.

The results for the immobilised enzymes were then compared with those of their free
counterparts. It is hoped that the results from this study will generate more interest in the use
of inorganic matrices for enzyme immobilisation.
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MATERIALS AND METHODS
Materials
Commercial Candida rugosa lipase (type VII) was purchased from Sigma Chemical Co. (St.
Louis, Missouri), Mucor miehei lipase ("Lipozyme® 10.000 L") was obtained from Novo Nordisk
(Bagsvaerd, Denmark), Candida rugosa lipase (AYS), Aspergil/us niger lipase (AS) and
Pseudomonas cepacia lipase (PS) were generous gifts from Amano Pharmaceutical Co.,
Japan. The mullite powder was obtained from the Ceramic Center of SIRI M Berhad. 1-butanol
was from J. T. Baker, propionic acid and celite powder were from BDH (Poole, UK). (±) 2-(4chlorophenoxy) propionic acid was obtained from Sigma Chemical Co (St. Louis, Missouri)
and carbon tetrachloride and n-hexane were purchased from Merck (Darmstadt, Germany).
Other organic solvents were of analytical grade or better.
Preparation of mullite support
A ratio of 1:1 mullite containing porous ceramic was prepared by reacting sintering mixture of
naturally occurring local kaolin and low temperature glaze powder. Kaolin (95% by weight)
was mixed with low temperature glaze materials as fluxing material and partially sintered to
obtain a partially vitreous porous body. The materials were mixed and formed into a slurry,
stirred and homogenised by ultra sonification for 10 minutes before casting the slip in plaster
mould. The cast pieces were allowed to dry and then finally sintered at temperatures up to
1150°C in an electric heated furnace for one hour with a heating rate of 2.5°C min-1• The
sintered materials were ground to fine powder using a porcelain mortar.
The phases in the ground sintered body were identified by X-ray powder diffractometry using
a Rigaku RAD IIC diffractometer with Ni-filtered CuK radiation operating at 35 kV and 15 A.
The scanning speed was 10°C min-1• Cristobalite, Si02 and 1:1 mullite are the mineral phases
present in the sintered mixture. The particle size measurement was determined using a Coulter
Particle Size Analyzer. The pore size and BET surface area were determined by a surface
area analyzer (Micrometrics, ASAP 2010).
Enzyme immobilisation
2 g of mullite powder was washed with distilled water, followed by vacuum-filtration using a
membrane with a pore size of 0.45 µm. This was repeated several times using n-hexane to
remove traces of distilled water. The particles were then dried at room temperature for 2 hours
under reduced pressure.
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0.2 g of each enzyme was dissolved in 40 ml of distilled water (free lipase solution?). After
addition of the dried support, the mixture was agitated using a magnetic stirrer for 6 hours at
room temperature. The immobilised enzyme was recovered by vacuum-filtration and washed
several times with n-hexane to remove excess water. It was then dried overnight in an airtight
container filled with silica gel. The lipases were also immobilised onto celite support using the
same method.

Synthesis of butyl propionate
The activity of the immobilised enzymes was tested by carrying out the esterification of 0.1 M
propionic acid and 0.1 M butanol in n-hexane.
0.6 g of the immobilised enzyme was added to 20 ml of a substrate solution consisting of
0.1 M 1-butanol and 0.1 M propionic acid in n-hexane. In the reaction catalysed by free lipases,
between 0.1 to 0.2 g of enzyme was added to 20 ml of reaction medium. The reaction was
carried out in an orbital shaker set at 40°C and 200 rpm.
The reaction was analysed using a Perkin Elmer Autosystem XL gas chromatograph equipped
with a flame ionization detector. Separation was obtained on a silica capillary column (SGE
BPX 50, 0.25 mm ID x 30 m). Nitrogen was used as the carrier gas and the ester formed was
analyzed from 50°C to 120°C at the rate of 10°C min-1 • The internal standard used was noctanol. The percent conversion was measured as the amount of propionic acid that has
reacted to form the corresponding ester.

Regeneration of immobilised enzymes
Used mullite and celite immobilised enzymes were recovered by filtration, washed several
times with n-hexane, dried for an hour at 40°C and re-used for the synthesis of butyl propionate.
This was repeated for 1O cycles (240h).

Kinetic resolution of (±) 2-(4-chlorophenoxy) propionic acid
In the enantioselective esterification reaction, the model reaction chosen was the kinetic
resolution of 0.1 M (±) 2-(4-chlorophenoxy) propionic acid and 0.3 M n-butanol in carbon
tetrachloride.
0.2 g of free and 1.7 g of mullite immobilised Candida rugosa lipase (Type VII) were added
respectively to 10 ml of reaction mixture consisting of 0.1M (±) 2-(4-chlorophenoxy) propionic
acid and 0.3 M n-butanol dissolved in carbon tetrachloride. The reaction was carried out with
stirring at room temperature.
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The extent of conversion of the acid and the enantiomeric excess of the S-acid was determined
by HPLC {LC-10ADVP, Shimadzu) using a chiral column (Cyclobond 12000 RN, 30 cm x
4.6 mm from ASTEC). The mobile phase consisted of acetonitrile, methanol, acetic acid
and triethylamine at the volumetric ratio of 95:5:0.6:0.4 and the flowrate was set at 1 ml/min.
Detection was by UV at 254 nm and the elution times were 5.9 mins and 6.2 mins for the R
and S enantiomers respectively. The enantiomeric excess, ee (%) was defined as:
Enantiomeric excess(% ee)

=

[SJ - [RJ
x 100
[SJ+ [RJ

where [SJ and [R] are concentration of the enantiomers.
The overall conversion was expressed as the percentage amount of S and R enantiomers
that have been converted to the corresponding ester.
All the above experiments were repeated at least three times.

RESULTS AND DISCUSSION
The ceramic mullite powder is an inorganic support that is hydrophilic in nature. Table 1
summarises some of the properties of the mullite powder.
Table 1. Properties of the mullite powder used in the study
Chemical composition

Average density
(g/cm")

Average pore
size(µm)

BET surface
area (m2/g)

Particle size range/
median (µm)

Al 6Si 20 13

-

45%

2.736

0.002

2.26

0.4-92/

Si02

-

55%
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Synthesis of butyl propionate

The activity of lipases immobilised onto mullite and celite powder based on the esterification
reaction between 1-butanol and propionic acid were compared with the activity of free lipases.
From the results in Table 2, it can be seen that immobilisation of Mucor miehei lipase onto
mullite powder resulted in the enzyme being able to retain 97% of its activity, as compared to
80% retention in activity with celite. As for lipase from Candida rugosa (type VII), 41% of its
activity was retained with immobilisation onto mullite powder and only 11 % for celite powder.
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Z.Ujang, M. M. Diah, Y.M. Chin, S. Karim and A.H. Abdul Rashid

The same preparation from Pseudomonas cepacia lipase retained a much higher activity with
celite as compared to mullite. Both lipases from Candida rugosa (Type AYS) and Aspergi/lus
niger showed lower activity upon immobilisation onto mullite and celite particles.
Table 2. Comparison of activity of lipases from various sources
immobilised onto mullite powder and celite powder in the esterification
reaction between 1-butanol and propionic acid in n-hexane

Free lipase

Mullite immobilised lipase

Celite immobilised lipase

Lipase
source

Activity
(µmol/h.U)

Activity
(µmol/h.U)

•Relative
activity (%)

Activity
(µmol/h.U)

•Relative
activity(%)

Candida rugosa
(Sigma)

0.294

0.238

81

0.058

20

Candida rugosa
(Amano)

0.174

0.099

57

0.091

52

Aspergillus niger

0.166

-

0

0.095

57

Pseudomonas cepacia

0.1113

0.055

49

0.069

62

Mucor miehei

0.487

0.471

97

0.389

80

8

Relative activity (%)

=

Activity of immobilised lipase
Activity of free lipase

x

100

Results are average of three readings
The long term stability of mullite as an immobilisation support was further investigated.
Reusability of the immobilised enzyme was conducted using Mucor miehei lipase. Figure 1
shows that mullite powder performed better as an immobilisation support compared to celitez.
The enzyme preparation from mullite retained more than 90% of its activity after more than
200 hours of continuous use while celite immobilised lipase displayed a sharp decrease in
activity with repeated usage. The enzyme lost more than 90% of its activity after 240 hours of
operation.

Kinetic resolution of (±) 2-(4-chlorophenoxy) propionic acid
Lipase from Candida rugosa has been known to esterify the R-enantiomer of the racemic 2(4-chlorophenoxy) propionic acid (Pan et al., 1990; Tsai and Dordick, 1996). Among all the
free enzymes used, only lipase from Candida rugosa exhibited good activity and
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Figure 1. Activity of immobilised enzyme with continuous re-use
for the synthesis of butyl propionate

+ : mullite

• : celite

enantioselectivity towards the kinetic resolution of (±) 2-(4-chlorophenoxy) propionic acid.
Therefore, this lipase is subsequently used in the kinetic resolution work. From the results of
the enantioselective esterification in Table 3, it can be seen that lipase from Candida rugosa
(type VII) retained about 42% of its activity when immobilised onto the mullite powder. After
24 h, the overall conversion was 22% and enantiomeric excess of the S-acid was 32%.
These results were obtained when the reaction was conducted with stirring at room
temperature. Thus, beside maintaining its activity, the lipase preparation from mullite powder
was able to retain its enantioselectivity.
Table 3. Kinetic resolution of (±) 2-(4-chlorophenoxy) propionic acid with free Candida rugosa
lipase and Candida rugosa lipase immobilised onto mullite powder
Lipase

Conversion
(%)

Enantiomeric
excess, ee (%)

Activity
(µmol/h·U)

•Relative
activity(%)

Free

17

21

0.034

100

Mullite
immobilised

22

32

0.029

85

Activity of immobilised lipase
aRelative activity (%)

=

Activity of free lipase
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In order to compare our experimental results with immobilisation using other types of lipase
and support, we have summarised some of the findings of other workers in Table 4. As seen
from the table, the retained activity of the five types of lipases tested in this work are within the
range of activities reported by other workers for hydrophilic support. However, it should be
noted that Table 4 can only be used as a guide on the general trend of immobilisation by
physical adsorption onto various types of support. Direct comparison of immobilisation efficiency
for each support is not possible as the type of reaction, substrate and reaction condition are
different for each case. Hydrophilic supports are generally characterised by high losses in
lipase activity upon immobilisation. These losses have been attributed to (i) a change in the
conformation of the lipase upon adsorption to a form which exhibit reduced activity; (ii) a
situation in which only a small amount of lipase is immobilised; (iii) a decrease in the ability of
hydrophobic substrates to reach the active site of the lipase; or (iv) the existence of steric
hindrance imposed by the carrier matrix which constrains flexibility of the lipase molecule
(Malcata et al. 1990).
Table 4. Activity of lipases immobilised onto different types of support
Lipase

Support

Relative
activity (%)

Type of reaction

Reference

Candida rugosa

Ce lite

16

Brady et al. 1988

Cellulose

24

Hydrolysis
{Bleachable Fancy
Tallow)

Ethyl cellulose

52

Silica gel

23

Kieselguhr

30

Clay

13

Alumina

9

Carbon

12

Accurel, nylon

18

Alumina

60

Marlot et al, 1985

Porous glass

59

Esterification {!auric
or butyric acid and
menthol or geraniol
inn-heptane)

Ce lite

82

Glass wool

40

Norin et al, 1988

Porous glass

30

Esterification { 1phenylethanol and
heptanoic acid)

Bleaching earth

40

Celite

96

Hydrolysis {butter fat)

Glass beads

Kermasha and
Bisakowski, 1998

42

Rhizopus niveus
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We have demonstrated that immobilisation of lipase from Mucor miehei onto mullite powder
resulted in a high retention of catalytic activity. This might be due to alteration in the conformation
of the lipase where more active sites are made available for substrate binding upon
immobilisation. The operational stability demonstrated by this enzyme preparation suggests
the formation of strong electrostatic and hydrophobic interactions between the carrier and the
enzyme and that there was no significant leakage of enzyme from the support.

CONCLUSION
Of the five types of lipase used, lipase from Mucor miehei retained the highest amount of
esterification activity. Apart from having a relatively high synthetic activity, this enzyme has
the added advantage of possessing a high thermal and operational stability. Thus immobilising
Mucor meihei lipase onto mullite powder will give it the additional properties such as mechanical
strength and chemical durability required for use in industrial reactors. Mullite can also be
used as a support for lipase catalysed enantioselective reaction since it has been shown to
retain both its activity and enantioselectivity.
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