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External mass transfer effects during the hydrolysis of rice bran oil using immobi-
lized lipase enzyme were studied in a differential recirculation reactor. On set of external
mass transfer limitations were found to be responsible for the optimum activity with re-
spect to the enzyme loading. Particle dimension influences global reaction rate more at
lower flow rates than at higher flow rates. Experiments performed in continuous immo-
bilized lipase packed bed reactor to study the influence of substrate concentration and
flow rate on fractional hydrolysis of rice bran oil showed that the apparent kinetic con-
stants vary with flow rates.
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Introduction

Fatty acids and glycerol are essential chemicals
in the oleochemical industry. Presently these chemi-
cals are produced from fats using a continuous
high-pressure uncatalyzed counter-current method.
Enzymatic splitting of fats is gaining importance, as
it is an energy saving process that can be carried out
at ambient temperature and atmospheric pressure.
Hydrolysis of olive oil, tallow and palm oil using
lipase has been reported by many authors.1–7

The mass transfer effects influence the perfor-
mance of the immobilized enzyme reactor. Mass
transfer effects are limited by internal or pore
diffusional resistance and external mass transfer re-
sistance. The external mass transfer effects on the
performance of different immobilized reaction sys-
tems were studied by various authors.8–12 In our
present study, since the enzyme was immobilized
on acid-washed glass beads with negligible poros-
ity, the internal diffusion effects were negligible and
external mass transfer effects during the hydrolysis
of rice bran oil were studied in a differential
recirculation packed bed reactor. The optimum en-
zyme loading that determines the maximum activity
under the external mass transfer limitation was esti-
mated and influence of superficial velocity on
global reaction rate was analysed, for two different
sizes of enzyme immobilized glass beads. Effects of
substrate mass concentration and fluid flow rate on
fractional hydrolysis were also studied in a continu-
ous immobilized packed bed reactor, and influence

of flow rate on apparent kinetic constants was ana-
lysed.

Materials and methods

Materials

Crude lipase enzyme preparation from Candida
rugosa (formerly Candida cylindracea EC 3.1.1.3,
285 U mg–1) was obtained from Sigma Chemicals
Co.(St.Louis,MO,USA). This preparation was used
without further purification to prepare the immobi-
lized enzyme. Acid washed glass spherical beads,
1 mm and 2 mm diameter (Sigma) were used as en-
zyme support material for immobilization. 3-Amino-
propyltriethoxysilane used for generating functional
groups on glass beads was obtained from Acros
organics (NJ, USA). All chemicals used were re-
agent grade and were obtained from Nice Chemi-
cals (Cochin, India). Rice bran oil (saponification
value = 180, iodine value = 90, wFFA = 0.3 %) was
obtained from Sri Jayasakthi Rice&Oil mills (Sa-
lem, India).

Immobilization of lipase enzyme

Lipase enzyme from Candida rugosa was im-
mobilized on acid washed activated glass beads
based on the method developed by Wu and Weng,13

and described in detail in our earlier paper.14 The
enzyme loadings of 0.74–3.25 mg g–1 of support
were obtained, using different fractions of enzyme
attachment solutions.
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